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DOCTOR HORACE ANTHONY DE LUCA 
Born in Denver, Colorado on December 23, 1912, Doctor 
Horace Anthony De Luca passed away on August 2, 1958. Dr. De 
Luca moved to London in 1916. He received his basic education at 
De La Salle High School, and went on to graduate in 1933 from 
the University of Western Ontario with a Bachelor of Arts degree 
in Chemistry. Two years later be received a Master of Arts degree. 
Dr. De Luca went on to study as a research fellow of the Canadian 
Pulp and Paper Industry at McGill University and in 1937 received 
his Ph.D. 
In 1939 be returned to London as an assistant in the depart-
ment of Pathological Chemistry. A year later he became an in-
structor in biochemistry, and continued in this position until 1946. 
Between 1946 and 1950 be was assistant professor of biochemistry 
and in 1950 became professor of that department. He received 
his M.D. from the University of Western Ontario in 1950. 
Surviving are his wife, Vivian (nee Hayes), a son, James, a 
daughter, Dorothy Marie, his father, Charles, and a sister, Mary 
DeLuca. 
Dr. DeLuca Meds '50 As a Student 
It is indeed an aphorism that to be a 
teacher one must as well be a student. 
Such was literally the case with Dr. De-
Luca. He was at once a professor and a 
fellow student. This unique situation per-
haps helped to bring out one of the 
qualities for which his classmates will 
remember him-empathy. This is a rare 
and excellent quality- to understand and 
feel for another without being over-sym-
pathetic, and without offering words of 
solace. The telling of one's difficulties to 
such a person at once brings comfort, and 
with that, understanding. I do not think 
that any of us ever hesitated to talk to 
Dr. De Luca about our troubles, and to 
ask him for advice-the advice was always 
given with sincerity, and with competence. 
It was not this empathy alone for which 
we will always hold his memory dear. His 
was a true teacher's ability. He had the 
faculty of divining the student's stumbling 
blocks to learning, and he imparted an 
approach to learning as well as facts to 
learn. None of us will forget how he 
"rescued us from certain doom" in our 
first year, when he gave so freely of his 
scarce-enough time to teach us the funda-
mentals of biochemistry. 
Dr. De Luca was an extraordinary medi-
cal student-from the time that he joined 
the Medical Faculty, with his Doctorate in 
biochemistry, he worked piece-meal to-
wards his M.D. It will always be a source 
of pride to us that he selected our class 
with which to graduate in medicine. He 
joined us as a full time student in third year, 
but still continued his duties as Assistant 
Professor of Biochemistry. We all called 
him Tony (but not vis-a-vis) with all the 
fondness that a nickname can imply, for 
he was the personification of friendliness . 
This friendliness extended not only to fel-
low teachers and students, but to everyone 
about him. There was always a cheerful 
smile and word of greeting for everyone. 
This personal warmth was but a part of 
the humility which commanded so much 
respect. He attended lectures and clinics 
faithfully with us, and was always humble 
-deprecating his own (superior) know-
ledge and ability, never permitting these 
to embarrass his classmates, but rather 
always quick to praise the efforts of 
others. 
Osler has written of medical students 
"Occasionally we do find an individual 
who takes to toil as others to pleasure" . 
Dr. De Luca's accomplishments, during 
such a tragically short life, give pregnant 
witness to his love of work. This spirit of 
industriousness was a guide and an inspira-
tion to his classmates and ·to his associates. 
Many who might have faltered were 
buoyed by his encouragement and his ex-
ample. 
Above all, Dr. De Luca was a lover of 
people, and he always regretted that his 
particular specialty kept him away from 
patients. His ultimate interest in isotopes 
Jed to some fulfillment, for him, of this 
desire to know and to help suffering 
people. 
As a tribute to his humaneness and to 
his friendship toward us, he was elected 
permanent secretary-treasurer of the class. 
As a perpetual tribute to this our most 
beloved classmate, a scholarship fund has 
been formed by the class, to be known as 
"The H. A. DeLuca Meds ' 50 Scholarship 
Fund". 
"There are fi1Je good principles of 
action to be adopted: to benefit others 
without being !tWish; to encourage 
labor tuithout being harsh; to add to 
your resources without being co1Jeto111; 
to be dignified without being super-
cilious; and to inspire respect witho11t 
being mutere." --Confucius. 
David B. Meltzer, B.Sc., M.D., F.R.C.P.(C) 
Oass of Medicine, 1950 
Instructor in Medicine, Instructor in Patho-
logical Chemistry 
University of Western Ontario. 
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Dr. DeLuca's Work at W estero 
When Doctor De Luca took up his 
appointment in the Department of Bio-
chemistry at Western he assumed respon-
sibility for the organization, preparation 
and actual conduct of the undergraduate 
biochemistry laboratories including "Lab. 
lectures" to the students. With his broad 
experience in various chemical techniques 
he was particularly well qualified for th is 
responsibility. In addition to the labora-
tory work, he gave undergraduate bio-
chemistry lectures, of course. During the 
war, with a shortage of staff, these routine 
teaching responsibilities made a heavy de-
mand on his time, and there was little 
opportunity for original research. How-
ever, Dr. De Luca gave his wise and 
generous advice on chemical procedures 
to any members of the staff who asked for 
help, and he assisted with a project in-
volving the estimation of the inorganic 
constituents of animal tissues, especially 
brain. In the course of this work he de-
veloped a photometric method for the 
microdetermination of calcium that was 
published . 
Not only did Tony-to use the name by 
which his associates so affectionately re-
member him--carry a heavy load of lectur-
ing, demonstrating, tutoring, and being 
general biochemical factotum, but at the 
same time he was taking the undergradu-
ate medical course. The first three years 
of the course were done on a part time 
basis while Tony carried a full time teach-
ing responsibility. During his final year 
of medicine he was relieved of direct res-
ponsibility for the undergraduate bio-
chemistry laboratories, but he continued 
his lectures in biochemistry. 
Immediately af ter receiving his medical 
degree, Dr. De Luca proceeded with ad-
vanced studies in the application of radio-
active isotopes both in biochemistry and 
in clinical medicine, and he organized and 
developed facilities at the Medical School 
for using radioactive isotopes. In 1950 
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radioisotope techniques were very new in-
deed, and in this new work Tony found 
full scope to apply his training in chemis-
try and medicine, and to use his broad 
experience in one of his hobbies-electro-
nics. He was a one-man institution-expert 
on radioisotopes in biochemistry, expert 
on radioisotopes in clinical medicine, ex-
pert in the repair, servicing and modifica-
tion of the electronic equipment needed 
for radioisotope work. He continued to 
be responsible for the biochemistry under-
graduate laboratories, he continued to 
lecture in biochemistry, he supervised 
graduate students in biochemistry, he 
supervised the radioisotope laboratory in 
the Department of Biochemistry, and for 
members of the medical staff who had 
problems in chemical techniques he was 
always ready with wise advice. Dr. De 
Luca's broad research interests are indi-
cated by the scientific papers that he pub-
lished: the incorporation of radioactive 
phosphate into rabbit reticulocytes, with 
T . D . Lovegrove and R. J. Rossiter; the 
incorporation of radioactive phosphate in-
to the nucleic acids of brain slices with 
R. J. Rossiter and K. P. Strickland; the 
effect of hypophysectomy and of ACTH 
on the incorporation of radioactive phos-
phorus into the adrenal gland, with B. E. 
Riedel, J. E. Logan, and R. J. Rossiter; 
studies of vitamin E and the blood clotting 
mechanism with Rachel M. Paul and J. A. 
Lewis; the effect of vitamin E on carbo-
hydrate metabolism of the rat diaphragm, 
with Doris E. Gray; the use of radioactive 
isotopes for diagnostic radiology, with 
G. E. Dennis; the use of DNA as a refer-
ence standard in metabolic experiments, 
with Doris E. Gray; the labelling of phos-
pholipids in liver slices with radioactive 
carbon, with Dorothy L. Kline; the effect 
of insulin administration in the alloxan-
diabetic dog, with Doris E. Gray, the esti-
mation of protein-bound iodine, with G. 
A. Robinson; the investigation of iodine 
metabolism using radioactive iodine, with 
G. A. Robinson. 
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At the same time he was conducting 
these research activities Tony was devel-
oping the clinical radioisotope facilities at 
Victoria Hospital, with the support of the 
Ontario Cancer Foundation. Some of the 
original equipment in the isotope unit, 
as it was called, was of his own design. 
His clinical studies included the develop-
ment of techniques for doing radioactive 
iodine studies of thyroid function; the use 
of radioactive iodine in the treatment of 
toxic goitre, and in the treatment of poly-
cythemia rubra vera and in the treatment 
of various malignant diseases; and the 
use of radioactive gold in the treatment 
of cancer. In 1950 the medical students 
asked Dr. De Luca to lecture on Atomic 
Warfare, and he gave a series of lectures 
at the end of the afternoon when the 
day's schedule had been completed. Later 
he changed the title of this course to 
"Atomic Medicine". 
Tony enjoyed all of his work-teaching, 
chemistry, biochemistry, biochemical use 
of radioisotopes, clinical use of radioiso-
topes, clinical medicine--and it caused him 
great disappointment when ill health made 
it necessary to curtail his activities in 1955. 
He withdrew from the routine clinical 
isotope work at Victoria Hospital, but 
continued to be very interested in the 
clinical work. Early in 1958 when his 
health seemingly had improved he initi-
ated clinical isotope facilities at St. Joseph's 
Hospital. He looked forward to a month 
each summer during which he assumed 
responsibility for the radioisotope division 
in the Cancer Clinic at Victoria Hospital . 
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Indeed, only a few days before his death 
Tony said that he was disappointed about 
not being able to come to the Clinic at 
the beginning of August, and he hoped 
that he would recover quickly enough to 
spend at least part of the month there. 
What remains? Most of the research 
projects in the Department of Biochem-
istry now use the radioisotope facilities 
that Dr. De Luca initiated. The clinical 
isotope facilities that he initiated at Vic-
toria Hospital have been expanded into 
the Division of Nuclear Medicine at the 
Cancer Clinic. Clinical radioisotope work 
has been continued at St. Joseph's Hos-
pital. Dr. De Luca's published work is 
available to those who use the medical 
literature. Graduate students from the 
Department of Biochemistry have taken 
with them his concepts of Biochemistry 
and his isotopic techniques and have initi-
ated new isotope laboratories and new 
biochemical studies. Medical students have 
graduated and gone into practice grateful 
for the help that Tony De Luca gave them 
and wishing they had learned more of 
their undergraduate biochemistry. But 
Tony's abiding legacy is none of these--
it is the memory of a friend who was 
humble, happy, devoted, enthusiastic, fret-
ful of his shortcomings, oblivious of his 
virtues, tireless in his desire to serve, 
steadfast in his Faith. 
F. C. Heagy, M.D., M.Sc., Ph.D. 
Assistant Professor of Biochemistry, 
University of Western Ontario. 
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Medicine and the Atom 
FRED C. HEAGY,• M.D., M.Sc., Ph.D. 
lNTRODUC'fiON 
So~e influe~c~ of a!omic energy on the study and practice of medicine will 
be reveawed. Thts ts particularly appr_opriate in an issue dedicated to the memory 
of Dr. f!· A. I?e Luca. Not only . d~d Dr. I?~ Luca use radioactive isotopes in 
both baste medac.~ r~earch and cl_mtcal medacane, but also he was interested in 
the bro~der !amJftcatlons of at?mac energy as it affects the medical profession 
and soc!ety 1n general_. Th_ese anterests included such problems as the hazards 
of atom!c energy, survtval an the event of atomic disaster, and the peaceful uses 
of atomac energy. 
RADIOACI'IVE ISOTOPES 
The medical applications of atomic 
energy involve the use of radioactive iso-
topes. Patients coming for tests using 
these substances frequently ask what radio-
active isotopes are. Isotopes are varieties 
of particular atoms that differ only in the 
number of neutrons that they contain. 
Rtuiioactive isotopes are those that disinte-
grate spontaneously and in doing so emit 
ionizing particles or ionizing rays. The 
simplest examples are the isotopes of 
hydrogen. There are two naturally occur-
ring isotopes of hydrogen: hydrogen-1 
(H1), which contains one proton only in 
its nucleus, and hydrogen-2 (H2), which 
contains one proton and one neutron in 
its nucleus. Naturally occurring hydrogen 
is 99.98% H1 and 0.02% H2. A third 
isotope of hydrogen, hydrogen-3 (H3), 
does not occur in nature but can be made 
and so is an artificial isotope. Sometimes 
the incidental names deuterium and tri-
tium are used for H2 and H~. The first 
two isotopes of hydrogen do not change 
spontaneously and so are stahle isotopes; 
H3 disintegrates spontaneously, giving off 
ionizing radiations, and so is an unstable 
or radioactive isotope. 
Radioactive isotopes disintegrate because 
in them the balance between protons and 
neutrons in the atomic nucleus is unstable 
and there is a finite probability that the 
nuclear constituents will rearrange them-
selves into a more stable arrangement by 
releasing energy. One or more of three 
types of radiation may be given off: Alpha 
particles, Beta particles or Gamma rays. 
An Alpha particle is a particle of atomic 
mass 4, consists of two protons and two 
neutrons, and therefore has a positive 
charge of two units. It is the same as the 
?ucleus of_ a helium atom. A Beta particle 
ts a negatively charged particle having a 
~ass about 1/ 1800 that of a proton and 
ts a free electron. (Certain isotopes. emit 
a particle of similar mass, known as a 
Po_sitron, that has a positive charge.) The 
third type of radiation is the Gamma ray. 
Whereas Alpha and Beta radiations are 
particulate, the Gamma ray is an electro-
magnetic radiation and is in all respects 
co~parable to X-irradiation except that it 
ongmates _spontaneously in the atomic 
nucleus rather than in an X-ray tube. 
As noted above, the radiation represents 
release of energy from the atomic nucleus. 
Therefore, the radiation can be character-
ized by the energy it contains. It is custo-
mary to express this in terms of the 
electron volt, which is the basic unit for 
measuring energy in atomic physics. One 
• Biochemist, Ontario Cancer Foundation London Oinic· Assistant Professor of Biochemistry, 
The University of Western Ontario. ' 
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electron volt is the energy gained by an 
electron when it is subjected to an electric 
potential of one volt. The energies of 
atomic radiations are in the range of 
thousands of electron volts (Kilovolts, 
KEV) or millions of electron volts (MEV). 
Alpha or Beta particles of high energy 
are ejected at high velocity, since their 
energy is kinetic energy. Gamma rays, be-
ing electromagnetic radiation, travel at the 
speed of light, and the wavelength of the 
radiation is inversely related to the energy. 
It has been mentioned that radioactive 
isotopes are such because there is a finite 
probability that the atomic nucleus will 
change by emitting energy in the form of 
ionizing radiation. This is the process of 
radioactive disintegration or radioactive de-
cay. The probability of disintegration is a 
characteristic of each particular isotopic 
species. Thus, with iodine-131 (J131) on~ 
half of the atoms present initially will 
disintegrate in 8 days; with Gold-198 
(Au19B) one half of the atoms will dis-
integrate in 2. 7 days; and so forth . The 
time required for one half of the atoms 
of a radioactive isotope to disintegrate is 
a characteristic of each isotopic species and 
is called the half-li fe of the isotope. The 
half-lives of some isotopes are recorded 
in Table 1. Naturally occurring radioactive 
isotopes such as radium and uranium have 
such long half-lives that the processes of 
radioactive decay have not exhausted the 
amounts of these isotopes that were in 
this planet when it was formed. An in-
teresting example is potassium-40 (K40). 
This isotope has a half-life of about 1.5 
billion years and is present in aJI potas-
sium to the extent of 0.0119 per cent. It 
accounts for a considerable proportion of 
the radioactivity in the human body. One 
theory attributes most of the heat within 
the core of the earth to the energy released 
by the radioactive decay of K40. 
TABLE I 
CHARACTERISTICS* OF SOME RADIOACTIVE ISOTOPES 
Zt Element Isotope Half-Life 
1 Hydrogen H3 12.5 yr. 
6 Carbon CJ4 6360 yr. 
15 Phosphorus p32 14.3 days 
19 Potassium K40 1. 5 x 109 yr. 
26 Iron Fe,9 46 days 
27 Colbalt Co60 5,26 yr. 
38 Strontium Sr90 19.9 yr. 
53 Iodine I1 31 8 days 
79 Gold Au19B 2.7 days 
88 Radium Ra226 1620 yr. 
92 Uranium Ur23, 8.8 X 108 yr. 
Ur23B 4.5 X 109 yr. 
• Data from Behrens ( 1) . 
t Z = .Atomic number. 
+ Beta radiation in million electron volts. 
















. 0.97· 0.41 
(Alpha 4.79, 4.61) 0.19 
(Alpha 4.58) 0.16 
(Alpha 4.18) 
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The amount of radioactive material is 
expressed in terms of a unit called the 
mrie. One curie is the quantity of radio-
active material giving 3. 7 x 1010 disinte-
grations per second. Two subsidiary units 
are the millicurie (3. 7 x 107 disintegrations 
per second) and the microcurie (37,000 
disintegrations per second). One milli-
gram of radium contains one millicurie 
of radioactivity. The larger cobalt-60 beam 
therapy unit at the London Clinic of the 
Ontario Cancer Foundation contains 1500 
curies of Co6o at present. In treating toxic 
goitres with radioactive iodine the dose 
is a few millicuries of 1131. In diagnostic 
tests using radioactive isotopes only a few 
microcuries of radioactivity are used , or 
even a fraction of a microcurie. 
Techniques for detecting and measuring 
the radioactivity are needed. Two types 
of radiation detector in general use are the 
Geiger-Mtteller t11be and the sci11tillation 
detector. There are two common types of 
measuring equipment: a scaler counts each 
individual ionizing event that is detected; 
a ratemeter indicates the average rate at 
which ionizing events are being detected. 
These instruments may be used with 
auxiliary equipment such as recorders that 
plot the change of radioactivity with time 
(e.g ., a time record of radioactivity over 
the lung to measure the arm-lung circula-
tion time following the injection of an 
isotope into the antecubital vein) and 
scanners that plot the change of activity 
with space (e .g ., a scan of radioactivity in 
the neck to show the distribution of radio-
active iodine in the thyroid gland). There 
are other procedures, too, such as the use 
of photographic films to record radio-
activity (autoradiographs) in sections of 
tissue or in chromatograms, but space per-
mits only passing reference to isotopic 
techniques. 
RADIOACTIVE ISOTOPES IN 
BASIC MEDICAL RESEARCH 
Radioactive isotopes have affected medi-
cine in three areas. By far the most impor-
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tant effect is on basic medical research. 
The other contributions are to clinical 
diagnosis and to therapy. 
The use of radioactive isotopes in medi-
cal research and in diagnosis assumes that 
biological processes do not distinguish be-
tween molecules that contain radioactive 
atoms and molecules that are not radio-
active. It also is assumed that small 
amounts of radioactive isotopes will not 
af~ect s~gnifi~antly the biological processes 
bemg mvesttgated. To use radioactive 
iodine as an example, it is assumed that 
~he_body absorbs 1131 the same as ordinary 
wdme (1127 ), that the kidneys do not 
distin~ish_ b:tween the two isotopes in 
excretmg 10dme, that the thyroid gland 
makes no distinction between the two 
isotopes in concentrating iodine and in 
manufacturing it into thyroid hormone, 
a~~ so fo~t~. It is assumed that no sig-
ntftcant dtstmction is made between the 
radioactive isotope and its non-radioactive 
or " cold" normal counterpart at all levels 
of functional organization - the whole 
body, the individual organ, the individual 
cell, the subcellular component, even the 
individual enzyme. If this is true then 
it s~ould be possible to investigate physio-
lo~t~al ~nd biochemical processes by ad-
mmtstermg substances containing radio-
active atoms as "labels" and using them 
as "tracers" to follow the administered 
material through the processes being in-
vestigated. While there are limitations, it 
~an be said that this assumption, which 
ts basic to all tracer isotope work, has 
been justified. 
~he i~pact of isotopic techniques . on 
baste medtcal research scarcely can be exag-
gerated. This . applies particularly to bio-
chemistry. The spectacular advance of 
biochemical knowledge that has been oc-
~ring_ for two decades would be impos-
stble wtthout the techniques of chromatog-
raphy and isotopic tracers. Other technical 
advances such as electrophoresis and ana-
~ytical ultracentrifugation have been very 
t~portant t?o. But the most important 
smgle techmcal key to this spectacular ad-
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vance of biochemistry has been the advent 
of radioisotopic techniques. 
NUCLEAR MEDICINE 
In clinical medicine radioactive iso-
topes are used in diagnosis, in therapy, and 
in clinical research. This area of specializa-
tion has been described by various names 
such as atomic medicine, isotopic medic~ne 
and clinical isotopes, but the term that 
seems to be most common is Nudear Medi-
(tne. 
Radioactive Iodine in the Diagnosis 
of Thyroid Disease 
The most common use of radioisotopes 
in clinical diagnosis is the investigation of 
thyroid disease by means of radioactive 
iodine. This is a uniquely favorable clin-
ical situation for using an istopic tracer, 
since only two organs--the thyroid gland 
and the kidneys--appear to be of major 
significance in iodine metabolism. If a trace 
amount of radioactive iodine is given 
orally as iodide, the isotope is absorbed 
and it is removed from the blood stream 
by the competing processes of excretion by 
the kidneys and concentration in the thy-
roid gland. Normally by 24 hours there 
will be considerably less than one per cent 
of the administered dose per litre of 
plasma remaining in the blood stream and 
the thyroid will contain from 15 to 40 per 
cent of the dose. In toxic diffuse goitre 
the thyroid will collect a greater fraction 
of the administered dose, unless the kid-
neys have excreted the isotope excessively 
rapidly. In the latter event the blood 
stream will contain very little 1131 as in-
organic iodid~probably less than 0.1 per 
cent of the dose per litre of plasma. More-
over, in hyperthyroidism the thyroid gland 
rapidly synthesizes thyroid hormone and 
secretes it into the blood stream, so that by 
24 hours the 'on11ersion ratio (ratio of 
plasma protein-bound radioactive iodine to 
total plasma radioactive iodine) is above 
the normal maximum level of 33 per cent. 
By means of external scanning it is pos-
sible to map the distribution of radioactiv-
40 
ity in the gland, and this is of value in 
estimating the size of the toxic goitre. The 
distribution gives an indication of whether 
there are toxic nodules, since they concen-
trate excessive amounts of the isotope. On 
the other hand, if scanning reveals areas 
in a goitre that are not concentrating radio-
iodine normally, one immediately is alerted 
to the possibility of a malignant goitr~ 
although most such "cold" areas are due to 
benign adenomas, fortunately. 
Under normal conditions the thyroid 
gland is under the control of the pituitary 
gland through thyroid stimulating hor-
mone (TSH) . The output of TSH by the 
pituitary is related inversely to the concen-
tration of thyroid hormone in the plasma. 
This pituitary-thyroid control system 
maintains the plasma concentration of thy-
roid hormone, estimated as protein-bound 
iodine, within the range of 4 to 8 micro-
grams per 100 millilitres. Administration 
of thyroid hormone to a normal person 
suppresses pituitary output of TSH and re-
sults in decreased thyroid function. This 
is the basis for the thyroid suppression test, 
which is very useful in investigating pa-
tients suspected of having toxic goitre, but 
in whom the results of clinical evaluation 
and laboratory tests (including the radio-
active iodine pickup (RAIP) have been in-
consistent. The patient is given tri-iodo-
thyronine 50 to 75 micrograms daily for 
7 to 10 days and the iodine uptake is re-
peated. If the pituitary-thyroid control sys-
tem is functioning normally the iodine up-
take will be suppressed. However, in toxic 
goitre the controls do not function and the 
administration of exogenous thyroid hor-
mone does not suppress the RAIP. 
In most patients with myxedema the 
RAIP will be very low or nil, because there 
is little or ~o functioning thyroid tissue. 
Occasionally a patient with myxedema will 
have a normal or even elevated RAIP, with 
accelerated turnover of radioactive iodine 
in the thyroid. The explanation is that in 
the presence of onsetting thyroid failure 
there is inadequate output of hormone by 
the gland, giving low levels of thyroid 
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hormone in the plasma. This causes the 
pituitary to increase its output of TSH and 
the failing, inadequate thyroid tissue is 
stimulated to take up iodine at an excessive 
rate and rapidly convert it to hormone 
which is secreted. This phase in the devel-
opment of myxedema is seen only in 
patients who have undergone recently a 
rapid onset of the disorder. 
One of the most satisfying applications 
of the radioiodine uptake test is in the dif-
ferential diagnosis of primary and second-
ary thyroid failure by the thyroid stimula-
tion test. In primary thyroid failure the 
gland does not function because it has been 
destroyed either by disease or by therapy 
with radioactive iodine or surgery. 
Cautious administration of thyroid hor-
mone will restore health eventually. On 
the other hand, in ucondary thyroid failure 
the gland is capable of producing hor-
mone, but does not because of failure of 
the pituitary gland to produce TSH. This 
occurs usually in association with panhypo-
pituitarism. In this disease the myxedema 
is secondary to the pituitary failure. If 
thyroid hormone only is administered it 
will cause increased metabolism, as expect-
ed, but this can lead to a fatal Addisonian 
crisis. In the absence of ACTH production 
by the diseased pituitary the adrenal gland 
is not producing adequate amounts of its 
hormone in the absence TSH. Therefore, 
if secondary thyroid failure is suspected, it 
is of the greatest importance that the exact 
diagnosis be established. If pan-pituitary 
failure is confirmed it is of the greatest 
importance that adequate treatment of the 
adrenal failure precede treatment of the 
thyroid failure. 
ln the thyroid stimulation Jest a patient 
with a low iodine uptake is given thyroid 
stimulating hormone (Thytropar, Armour, 
4 units) by intramuscular or subcutaneous 
injection. Twenty-four hours later a repeat 
tracer drink of 1131 is given and the iodine 
iodine uptake is measured the following 
day. In primary thyroid failure tbe RAIP 
is not changed significantly because there 
is no reserve thyroid function. In second-
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ary thyroid failure the RAlP will increase 
to normal or even high levels under the 
influence of exogenous TSH. 
Many substances can interfere with the 
radioiodine uptake test. Lugol's solution 
will suppress tbe RAIP; so will exogenous 
iodide in other forms, including iodide-
containing cough medicines. Antithyroid 
drugs such as tapazole and propylthiouracil 
interfere with thyroid metabolism and 
make interpretation of the RAIP impos-
sible. Radioopaque dyes contain organic-
ally bound iodide and interfere with the 
RAIP, so that patients with suspected thy-
roid disease should have their thyroid in-
vestigation completed before having a pro-
cedure such as an intravenous pyelogram, 
cholecystogram, bronchogram, myelogram, 
angiogram and salpingogram. A consider-
able list of medicines, including sulfona-
mides, interfere with the test and decrease 
its value. 
In summary, the radioactive iodine pick-
up is a useful test for investigating patients 
with thyroid disease. However, just as the 
BMR only measures oxygen consumption, 
so the RAIP only measures the fate of a 
test dose of 1131. The results of the test, to-
gether with all available information about 
the patient, must be interpreted in terms of 
thyroid physiology and iodine metabolism. 
Radioactive Iodine in the Treatment 
of Thyroid Disease 
Treatment of toxic goitre with radio-
active iodine is the most important example 
of the therapeutic use of radioactive iso-
topes (excluding the use of sealed sources 
in radiotherapy), even as investigation of 
thyroid disease is the most important diag-
nostic use. Toxic goitre can be treated with 
1131 by administering enough of the isotope 
to destroy some of the overactive thyroid 
tissue. The Beta ray has the destructive 
effect and since it penetrates only a few 
millimetres in tissue the therapeutic action 
is very localized. Even parthyroid glands 
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There are wide variations between dif-
ferent centres in choosing surgery or radio-
active iodine for the definitive treatment 
of toxic goitre. This is desirable, for both 
methods of treatment have their advant-
ages and disadvantages and experience 
alone will establish the indications of selec-
tion. Space does not permit discussion of 
the question here. It should be emphasized 
that surg ical thyroidectomy is indicated if 
there is any suspicion that a malignant 
focus is present in a toxic goitre (unless 
there are medical contraindications to sur-
gery and at the same time a satisfactory 
needle biopsy has eliminated the susp icion 
of malignancy) . There is a tendency to re-
gard toxic diffuse goitre as more suitable 
for radioactive iodine and toxic nodular 
goitre as more suitable for surgery. For 
patients under age 40 it is common to 
recommend surgery and for patients older 
than 40 radioactive iodine is used with in-
creasing frequency. For patients with re-
current toxic goitre and for patients with 
medical contraind ications to surgery, radio-
active iodine is the preferred treatment of 
toxic goitre. Pregnant women, children 
and adolescents should not be treated with 
radioactive iodine. 
Two types of patient with advanced 
heart disease that has been refractory to all 
other methods of treatment can be t reated 
by ablation of thyroid activity with radio-
active iodine. These are selected patients 
with intractable heart failure and selected 
patients with intractable angina pectoris. 
The disease should be more or less in status 
quo and the treatment should not be offered 
to those in whom the disease is steadily 
progressing. Nor should it be offered until 
all standard methods have proven inade-
quate after very thorough trial. 
When radioactive iodine became avail-
able ·oncologists had great hopes that it 
would be effective in the cure of cancer of 
the thyroid . If cancer tissue will pick up 
enough of the isotope the radiation should 
be capable of destroying the malignant tis-
sue. Unfortunately, only about 10 to 15 
per cent of all thyroid cancers retain suf-
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ficient thyroidal function to concentrate 
radioactive iodine in cancerocidal doses. 
When the thyroid tumor does have mark-
ed iodine-concentrating capacity the results 
of therapy may be very gratifying. Never-
theless, there always is the probability that 
some resistant tumor cells have survived 
the treatment, and even in patients who 
have responded well the prognosis is 
guarded. The treatment of choice for thy-
roid cancer remains surgical ablation if 
reasonably possible. Whether external 
radiotherapy should also be used depends 
on circumstances. If surgical cure is not 
possible, external radiotherapy is indicated 
usually. Radioactive iodine may be used as 
additional therapy in patients whose dis-
ease is being attacked curatively by surgery 
or radiotherapy, or both, and in whom 
there is reason to expect that tumor metas-
tases not in the treatment area may be de-
stroyed by the IHI . Finally, it should be 
emphasized as strongly as possible that 
all paients who have had thyroid cancer 
sho11ld be treated for the rest of their lives 
with desiccated thyroid or other thyroid re-
placement therapy to tolerance doses, in 
order to suppress production of TSH that 
might stimulate the growth of tumor 
tissue. 
Other Diagnostic Uses of 
Radioactive Isotopes 
After the RAIP for thyroid investiga-
tion, the most used test is the Schilling 
test ( 4) for diagnosing pernicious anemia. 
In this test the patient is given orally vita-
min B-12 containing a trace amount of 
cobalt-60. At the same time ordinary vita-
min B-12 is injected intramuscularly. The 
urine is collected for 24 hours and its 
radioactivity measured. Patients with per-
nicious anemia will not absorb the radio-
active vitamin B-12 and therefore their 
urine will contain less isotope than the 
urine of normal patients. If there still is 
doubt about the diagnosis the test can be 
repeated, with the additional ingestion of 
exogenous intrinsic factor to promote the 
absorption of vitamin B-12. If the urinary 
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excretion of the radioactivity then ap-
proaches the normal value the diagnosis of 
pernicious anemia is confirmed; if it does 
not, the patient probably has defective ab-
sorption not related to lack of intrinsic 
factor. 
Nuclear medicine has made other con-
tributions to clinical hematology. In many 
hospitals blood volume estimations are 
made routinely using radio-iodinated 
human serum albumin (RIHSA) to esti-
mate the plasma volume, the red cell vol-
ume being calculated from the hematocrit. 
If a more exact estimate is desired the red 
cell volume can be estimated by labelling 
the cells with radioactive chromium (Cr)I). 
RIHSA and Cr)I can be used together if 
desired, though this is approaching a re-
search procedure. Chromium-51 can be 
used to study the survival of red blood 
cells in blood dyscrasias and iron-59 can be 
used to study iron metabolism. In cardio-
vascular studies isotopic techniques are 
available to measure the circulation time 
and the cardiac output. 
Fats labelled with J13I are used in the 
investigation of disturbances of intestinal 
absorption. Labelled triolein is fed and 
if it is not absorbed normally the defect 
may be either in the pancreas (lack of 
lipase) or intestine. The test is repeated, 
but this time labelled oleic acid is fed 
instead of triolein. If absorption is now 
normal intestinal absorption of fat is 
adequate and probably the pancreas is 
failing to secrete sufficient lipase. On the 
other hand, if neither triolein nor oleic 
acid is absorbed these probably is a defect 
in absorption at the level of the intestinal 
mucosa. Various techniques are available 
for conducting the test, but it is customary 
either to measure fecal excretion of the 
labelled fat or to measure the labelled fat 
in the blood stream at selected intervals 
following the test meal-or to use com-
binations of these. 
Finally, reference is made to the use of 
isotopic tracers in localizing tumors. The 
most successful situation is the localization 
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of functioning thyroid metastases by using 
radioactive iodine. The next most common 
test is the use of PH in the investigation 
of eye lesions suspected of being malig-
nant, particularly lesions in the anterior 
segment of the eye. Tumors of the liver 
can be investigated with the dye Rose 
Bengal labelled with IHI. Several tech-
niques using radioactive isotopes are avail-
able for investigating the location of sus-
pected intracranial tumors. In general 
these are research procedures and are not 
available routinely except in hospitals with 
special facilities. 
ISOTOPES IN THE TREATMENT 
OF MALIGNANT EFFUSIONS 
Effusions in the pleural or peritoneal 
cavities due to malignant disease can be 
treated by instillation of radioactive gold 
(Au 198) (or radioactive chromic phosphate 
(P32 ) ) in colloidal suspension. Patient 
selection is a problem, and cannot be dis-
cussed here. The Beta radiation of the 
isotope penetrates only a few millimetres, 
so that if the patient has known residual 
tumor she should receive external radia-
tion rather than radioactive gold. During 
the last two or three years the trend has 
been to treat malignant effusions with 
nitrogen mustard rather ·than gold. Nitro-
gen mustard is much cheaper and easier 
to use, and the results appear comparable 
to those with radiogold . Even more re-
cently there is a trend toward using radio-
active gold prophylactically to prevent re-
currence of tumor in patients who have 
had curative pelvic or abdominal surgery 
for malignancy, but in whom there is a 
reasonable possibility that peritoneal seed-
ing may have occurred before or during 
operation. On general principle it seems 
desirable to do something to try to pre-
vent recurrence of cancer due to peritoneal 
seeding, and it is encouraging that in 
numerous centres investigation is going 
forward using either radioactive isotopes 
or cancer chemotherapeutic agents such as 
nitrogen mustard. 
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THERAPY WITH RADIOACfiVE 
PHOSPHORUS 
When phosphorus-32 became available 
it was hoped that it would be effective 
in the treatment of cancer, since malig-
nant cells metabolize phosphorus more 
actively than most normal cells. Unfor-
tunately, these hopes have not been ful-
filled because the hematopoietic tissues are 
very sensitive to radioactive phosphorus 
(they too contain very rapidly growing 
cells) . At the present time P32 is the 
treatment of choice in only one disease, 
polycythemia rubra vera, a disease in 
which the bone marrow itself is growing 
out of control. While P32 may be used 
for treating selected cases of leukemia and 
certain rare conditions like mycosis fungo-
ides, it usually is not considered the treat-
ment of choice. One recent development 
is the use of P32 in conjunction with testo-
sterone propionate in the treatment of 
bone metastases secondary to breast car-
cinoma (5) . Experience varies widely in 
different centres, but some patients get 
significant benefit. 
SEALED SOURCES OF 
RADIOACfiVE ISOTOPES 
Therapy with radioactive isotopes by 
oral or parenteral administration has been 
discussed. However, the more significant 
contribution of atomic energy to medicine 
has been in the use of sealed sources of 
radioactive isotopes in radiotherapy. Rad-
ium has been used for over half a century, 
since soon after its discovery by Madame 
Curie. The advent of the atomic pile has 
made available relatively cheap sources of 
radiation. Most notable are beam therapy 
units containing radioactive cobalt, which 
are supplanting standard x-ray therapy 
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machines in many institutions because the 
energy of the beam of gamma rays from 
Co60 is equal to that obtained only with 
very costly high voltage x-ray machines. 
Unfortunately, space permits only this 
passing reference to the very important 
contributions of atomic energy to radio-
therapy. 
CONCLUSION 
Some uses of atomic energy in medicine 
have been reviewed. The emphasis has 
been on procedures that actually are in-
fluencing the diagnosis or treatment of 
disease. Numerous other procedures have 
not been mentioned because many of them 
are still at a research level and will not 
influence therapy until experience shows 
their value. Space has permitted only pass-
ing reference to the influence of the 
atomic energy on radiotherapy. Similarly, 
it has not been possible to discuss topics 
such as the hazards of nuclear energy and 
the physician's role in atomic disaster. 
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Symposium on Neurology 
Foreword on Neurosurgery 
The complexion of neurological surgery has undergone gradual change since 
the second World W ar. Formerly, injuries, abscesses and tumors were the chief 
concern of the neurosurgeon. In recent years, new fields of investigation and 
treatment have been developed, in particular the surgery of spontaneous intra-
cranial hemorrhage and vascular stenosis and the placement of stereotaxic lesions 
in the basal ganglia for the alteration of the hyperkinetic disorders. 
With the expanding use of cerebral angiography, a greater understanding 
of the stroke syndromes has emerged, particularly the surprising frequency with 
which ruptured cerebral aneurysms and angiomas occur and that perhaps one 
quarter of cerebral softenings are due to atherosclerotic stenosis or thrombotic 
occlusion of the carotid and vertebral arteries in the neck. Many of these are now 
being attacked vigorously as urgent problems and a new group of surgical emer-
gencies has arisen. In many clinics, artificial hypothermia has oecome an indispen-
sible adjunct in reducing the hazards of the surgery of ruptured cerebral aneurysms. 
By reducing metabolism, the brain is protected against anoxemia while the cerebral 
circulation is occluded temporarily during the dissection and clipping of the aneur-
ysm. Its use in certain dreadful brain injuries has reduced cerebral swelling and 
allowed a few patients to survive lesions formerly considered to be incompatible 
with life. Although some progress has been made with brain and spinal cord 
injury, the major advances must be made in the prevention of this maiming and 
slaughter on the roads by public education, law enforcement, research and the 
co-operation of the automobile manufacturer. 
The adaptation of the stereotaxic apparatus to human use bas enabled surgeons 
to destroy certain small areas in the basal ganglia. These artificial lesions in the 
mesial globus pallidus and ventrolateral nucleus of the thalamus have reduced 
or relieved the contralateral rigidity and tremor in a high proportion of cases with 
Parkinson's disease. As a result, human stereotaxic surgery is under intensive 
investigation and limited use. Already, lesions have been made in the substantia 
nigra with ultrasound. In addition to the therapeutic effect, these explorations 
into the basal regions wiii surely enhance our knowledge of human cerebral physio-
logy and anatomy. 
The course of the malignant gliomas has not been altered in any large degree 
by the most radical surgery or radiotherapy, but their characteristic of local exten-
sion without widespread metastasis has allowed some hope that their destruction 
may prove possible. Meanwhile the treatment of cerebral infection has undergone 
revolutionary change with the use of chemotherapy and the antibiotics, for in 
brain abscess alone, the mortality was 50 per cent. High cervical cordotomy has 
closed a major gap in the pain problem, that of intractable pain between the 
xyphoid and the top of the should girdle. New interest in the surgery of epilepsy 
has occurred with the recognition of the frequency of temporal lobe seizures and 
their relief by anterior temporal lobe resection in many instances; however, it 
seems reasonable to predict that the final answer to cerebral seizures will lie in the 
realm of chemotherapy. 
The future therefore holds great promise for patients with these afflictions, 
as well as for the surgeon who can now look with some satisfaction on his endeav-
ours in these regards. 
C. G. Drake, M.D., M.Sc., F.R.S.C.(C), 
Assistant Professor of Surgery, 
University of Western Ontario. 
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Foreword on Neurology 
During the past twenty years the study and treatment of neurological disease 
(and, indeed, the investigation of "normal" central nervous system in man and 
lower animals) have advanced to a degree which even exceeds that of the era of 
"descriptive neurology" which occupied the last three decades of the nineteenth 
century and the first one or two of the twentieth. One might say that, with the: 
aid of new techniques unknown to them, we are consolidating the positions gained 
by our neurological forbears and are building upon them. It would, however, be 
wise not to ignore the foundations which they laid well and truly. Not a few 
writers of our own time, flushed with the excitement of discovery, have "come 
a cror,per" when they have found, after the event, that their new "syndrome" was 
descnl:)ed in "Brain" or in the "Revue Neurologique" of 1890 ! 
Most of the recent forward moves in medical neurology have occurred in three 
main areas: the electrophysiological, the neurochemical and the pharmacological. 
One has only to recall tliat, within the lifetime of many of us who read this journal, 
Hans Berger first demonstrated that the electrical activity of the brain, properly 
amplified, could be recorded through the intact scalp. Berger published his earlier 
papers in obscure German psychiatric journals and his work was largely "pooh-
pooh-ed" until Lord Adrian, working in the renowned Cambridge physiology 
laboratories, confirmed and supported it during a rather famous international physio-
logical meeting. One would hesitate to estimate the number of electroencephalo-
graphic and electromyographic machines being used (and mis-used) in the world 
today, about thirty years aFter those epochal events. And, most significantly, even 
the elite are sometimes still cautious in the interpretation of certain records. 
In the field of neuropharmacology one could quote many examples-but let 
us briefly consider the anticonvulsants. Before about 1915, the only really effective 
anticonvulsant drugs were of the bromide family, with their obvious disadvantages. 
During the first Great War the Germans brought out a new drug, phenobarbital 
--often still known by its original trade-name, "Luminal" . There the matter rested 
until the mid-thirties, when a group of U.S. and British investigators, attempting 
to alter the seizure-threshold to electrically-induced fits in experimental animals, 
discovered the efficacy of the "hydantoin" and the "dione" groups. These have 
given countless seizure-sufferers a chance to lead relatively normal lives. Along 
with this there is developing, gradually, a change in attitude on the part of em-
ployers, legislators and citizens at large towards those people in the community 
who are subject to the episodic central nervous system disturbances which we 
unthinkingly call "fits". 
Neurochemistry is still in its infancy. When one stops to think of this aspect 
of central nervous system function , one is instantly impressed by the fact that 
every electrical change between nerve cell and nerve cell, between axon and den-
drite, be it polarization or depolarization, is accompanied by (or preceded by?) 
a chemical change. In this field , most of all, we can look for future discovery 
and development. Watch it! 
Please pardon a personal interjection. When I first set foot on the pathway 
leading to my becorrung a neurological physician, there was a marked feeling of 
pessimism in the air. It was widely held that the "neuropsychiatrist" and the neuro-
surgeon had already made the position of the neurologist untenable. With the 
passage of time, however, the medical and surgical neurologists have come increas-
mgly to realize that theirs are mutually-interdependant disciplines. As far as the 
term "neuropsychiatrist" is concerned, I know of no responsible psychiatrist who 
considers himself master in both fields (despite the fact that Sigmund Freud's 
first six or so published papers were on organic neurological subjects) . 
A. S. Douglas, M.D., M.Sc., F.R.C.P.(C) , 
Instructor in Medicine, 
University of Western Ontario. 
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INTRODUcriON 
Cerebrovascular accidents are one of the most important problems faced 
by the physician, accounting for one death in every seven. Moreover, the spectre 
of a paralyzed and dysphasic patient has few equals in the realm of disabil ity 
and loss of human dignity. Whereas cerebral softeoings make ur the majority 
of the stroke syndromes (6~ per cent) spontaneous intracraoia bleeding has 
assumed major significance within the last decade. Cerebral angiography has 
demonstrated the frequency of vascular lesions which may be treated by surgical 
means and so stem the lethal and crippling aspects of the disease. 
TYPES 
Spontaneous intracranial hemorrhage 
usually takes one of two main forms--
intracerebral hemorrhage and subarach-
noid hemorrhage. The distinction between 
the two is an artificial one, however, since 
they share the same causes (although in 
differing proportions), since they may be 
difficult to distinguish as separate clinical 
entities and since they occur together in 
about one quarter or more cases. For ex-
ample, a common occurrence is the rupture 
of an aneurysm of the middle or anterior 
cerebral artery which is surrounded by 
brain tissue. Bleeding produces an intra-
cerebral hematoma in the surrounding 
brain; at the same time blood spills into 
the subarachnoid space. Rupture of the 
hematoma into the ventricle is usually 
lethal. 
INCIDENCE 
.Although either forms of hemorrhage 
can affect persons of any age, both are 
seen more often between the ages of 40 
and 60 (Hyland 1950, Falconer 1951) . 
Walton believes that the peak incidence of 
subarachnoid hemorrhage is about a decade 
earlier ( 40-60 years) than primary cerebral 
hemorrhage (50-70 years). 
Wechsler (1951) and many others have 
found that subarachnoid hemorrhage is 
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more common in females. And although 
Walton's large Newcastle series (1956) 
did not show a higher female incidence 
he is inclined to agree with this fact. 
Intracranial hemorrhage is by far the 
commoner of the two. It accounts for 
about 20-25 per cent of strokes while sub-
arachnoid hemorrhage is responsible for 
close to 10 per cent. Exact figures are 
difficult to obtain since the collected data 
vary widely in published series. 
ETIOLOGY 
Intracerebral and subarachnoid hemor-
rhages share the same causes but in differ-
ing proportions. There are over 40 diseases 
which can affect the cerebrovascular sys-
tem. A great number of these have been 
implicated as causes of bleeding. How-
about 20-25 per cent of strokes while sub-
ever, the chief etiological groups are (1) 
hypertensive cerebrovascular disease, (2) 
aneurysms and angiomas, (3) tumors and 
blood dyscrasias, and ( 4) that group where 
no lesion can be found to account for the 
hemorrhage. 
Intracerebral hemorrhage broadly speak-
ing occurs under two widely different 
circumstances: 
1. By rupture of some pre-existing local-
ized vascular anomaly such as an aneurysm 
or an angiomatous malformation. 
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2. By rupture of an atherosclerotic ves-
sel in a patient suffering from a general-
ized arterial degeneration and usually from 
hypertension. This is the commoner and 
carries the poorer prognosis. 
In hypertensive cerebrovascular disease 
the bleeding characteristically occurs from 
the rupture of a centrally perforating 
vessel in the basal ganglia or the pons. 
The consensus of opinion is that military 
aneurysms form on these small vessels--
the result of degenerative vascular diseases. 
Focal defects in the internal elastic lamina 
and muscularis coupled with small adja-
cent cerebral softenings as well as the 
continued overstretching from hyperten-
sion allow the formation of a small aneur-
ysm, often at the angle of a bifurcation. 
Some authors feel that rupture of the vasa 
vasorum of medium-sized vessels precipi-
tates cerebral hemorrhage. Changes in the 
calibre and tension within a vessel may 
also contribute to its rupture. 
Tumors and blood dyscrasias form a 
small group to be mentioned briefly. Ap-
proximately five per cent of brain tumors 
present with spontaneous bleeding, very 
often the tumor being a previously unsus-
pected vascular glioma. A rare form of 
sudden blindness is caused by pituitary 
apoplexy-bleeding into a pituitary tumor. 
Hemorrhagic disorders include leukemia, 
aplastic anemia, thrombocytopenic pur-
pura, liver disease and complications of 
anticoagulant therapy. Often, with the fail-
ure of the clotting mechanism, there is 
tremendous disruption of the brain by 
hematoma making the prognosis poor even 
with operation. 
.Aneurysms and angiomas which are en-
veloped by brain substance often cause 
intracerebral hematomas. Aneurysms vary 
from a few millimetres to several centi-
metres in size. Usually they are situated at 
the branching of an artery. About 80 per 
cent occur in the carotid circulation and 
the remainder are distributed in the ver-
tebro-basilar system. Angiomas are arterio-
venous malformations which are really 
arterio-venous fistulas. Although many 
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present on the surface of the brain, others 
are situated deeply within the hemisphere 
or brain stem. Characteristically angiomas 
have many feeder arteries leading into a 
coiled mass of vessels. This mass is drained 
by numerous veins, one or two of which 
may be enormous and very tortuous. The 
diversion of blood into an angioma may be 
great enough to cause malfunction of a 
part of the brain even before it ruptures. 
Subarachnoid hemorrhage and its pre-
dominant relationship to the rupture of 
cerebral aneurysms has been noted since 
the papers of Fearnsides (1916) and Sy-
monds (1924) . Other lesions have also 
been demonstrated to play a significant 
part. The incidence of these varies with 
the method of investigation. Walsh (1956) 
using bilateral carotid angiography found 
the following distribution of causes among 
461 cases of subarachnoid hemorrhage: 
arterial aneurysm- 54.0 per cent; arterio-
venous malformation-11 .5 per cent; cere-
bral and cerebellar hemorrhage--7.5 per 
cent; no lesion shown- 27.0 per cent. 
A series compiled from post-mortem 
studies (Walton 1956) attributes 72 per 
cent of 82 cases to rupture of an aneurysm. 
Elkington (1958) in a review of many 
prominent studies suggests that this cause 
is responsible for over 75 per cent of cases. 
Angiomas make up a surprising propor-
tion of cases-up to 15 per cent in adults 
and up to 60 per cent in patients under 30 
years of age. This fact has only been recog-
nized since the widespread use of angiog-
raphy. The remainder of causes of sub-
arachnoid hemorrhage include bleeding 
from tumors, blood dyscrasias and that 
group of unknown etiology. 
Precipitating the hemorrhage in both 
types and especially in vascular rupture in 
a hypertensive individual are several fac-
tors which are commonly noted: exercise, 
especially when violent; straining at stool; 
sexual intercourse; alcoholism or alcoholic 
''hangover''. 
CLINICAL PICTURE 
Three classical pictures are frequently 
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seen. No one can forget the picture of a 
hemorrhage into the internal capsule: the 
hypertensive who has fallen to the floor in 
coma, hemiplegic and with ste.rtorous or 
periodic breathing. Just as dramatic are 
cases of pontine hemorrhage in which the 
hypertensive patient falls comatose with 
quadriplegia, hyperpyrexia and pin-point 
pupils. Subarachnoid hemorrhage charac-
terestically presents with a sudden, severe 
occipitofrontal headache as the blood 
extravasates in the subarachnoid space 
about the base of the brain. Many com-
plain of feeling that something snapped in 
their head just before the onset of the 
headache. The patient vomits and often 
falls into a stupor or coma with an ashen-
grey or cyanotic face. Signs of meningeal 
irritation develop rapidly but there is usu-
ally little or no evidence of focal cerebral 
damage apart from cranial nerve lesions 
(such as third nerve palsy) or a subhyaloid 
hemorrhage in the eye. 
While striking and common, these three 
classical clinical pictures may not be pres-
ent and some other manifestations warrant 
consideration. 
Premonitory symptomatology is infre-
quent in all of the stroke syndromes. 
Aneurysms may indicate their present by 
neighbourhood signs such as compression 
of a cranial nerve which may precede rup-
ture by months. Angiomas may be associ-
ated with persistently unilateral migraine 
and epilepsy. 
The onset of hemorrhage is sudden. 
Maximum effects are usually visible within 
a few hours. Initial coma is seen in 50 per 
cent of intracerebral and 30 per cent of 
subarachnoid hemorrhages. About 15 per 
cent of each convulse. The convulsions are 
usually of the generalized type but occa-
sionally focal or Jacksonian. Half of the 
cases vomit. Of those who are not coma-
tose headache is seen in about two-thirds 
of intracerebral and in almost all cases of 
subarachnoid hemorrhage. 
Focal neurological signs include paraly-
sis, sensory loss and speech defects. They 
are related to the size and site of the bleed-
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ing. In nearly three-quarters of clinical 
cases of intracerebral hemorrhage caused by 
rupture of the lenticulostriate branch of 
the middle cerebral artery the involvement 
of the basal ganglia and capsule is exten-
sive enough to cause profound hemiplegia. 
Damage to the cerebral hemispheres and 
brain stem produces characteristic pictures. 
However, cerebellar hemorrhage usually 
does not result in signs which allow locali-
zation of the bleeding. A patient with a 
cerebellar hemorrhage, if he survives for a 
week or more, exhibits the clinical picture 
of increased intracranial pressure. 
Small hemorrhages do not produce a 
change in the vital signs but when hemor-
rhages are large there is usually a rise in 
temperature and blood pressure. The pulse 
slows. The respiration becomes slow, ster-
torous and frequently Cheyne-Stokes in 
type. A constant finding in "stroke" vic-
tims is a failure of vasomotor and heat 
regulating centres. 
About one-quarter of patients with 
intracerebral hemorrhage have pupils 
which have lost their reaction to light par-
tially or completely. The usual type of 
change in pupil size is enlargement ipsi-
laterally. Conjugate deviation of the eyes 
alone or of the head and eyes is not infre-
quent. Almost always the eye deviation is 
toward the side of the lesion. 
In subarachnoid hemorrhage blood may 
travel along the sheaths of the optic and 
cranial nerves. The results in these cases 
include increased intra-occular pressure, 
retinal hemorrhage, pupillary changes 
from day to day, hyperemia or choking of 
the optic discs, facial paresis and devia-
tions, extraocular palsies, tinnitus and res-
piratory and cardiac disturbances. 
Meningeal irritation from blood in the 
cerebrospinal fluid is almost a constant 
finding in patients with intracranial hem-
orrhage. Kernig's and Brodzinski's signs 
are positive within a short time. As blood 
extravasates down the spinal canal it irri-
tates the dorsal roots, sometimes giving 
rise to stiffness and low back pain and 
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pain down the posterior parts of the thighs 
and legs. 
A comatose patient often exhibits no 
knee jerks or abdominal reflexes and has a 
Bakinski sign bilaterally. On the hemi-
plegic side the lost reflexes may never re-
turn or may return very gradually. 
Following the acute stage the residual 
damage may be physical, such as hemi-
plegia, aphasia or hemianopsia; or it may 
be change in mentation such as confusion, 
disorientation or memory defects. 
SPEOAL PROCEDURES 
Blood and Urine 
Many of the patients with any type of 
vascular lesion have albumin and casts in 
their urine. Usually this is due to associ-
ated renal disease and may be accompanied 
by an elevated blood non-protein nitrogen. 
Even in the absence of diabetes mellitus a 
transient hyperglycemia and glycosuria 
may develop. This is probably due to a 
disturbance in sugar metabolism as a result 
of brain injury. However, this phenomenon 
cannot be correlated with the site of in-
jury. Half of the patients with intrac.ranial 
hemorrhage have a leukocyte count of 
12,000 or over. Unless there is concomit-
tant infection a leukocyte count of over 
20,000 in a case of cerebrovascular accident 
is diagnostic of intracranial hemorrhage. 
Lumbar puncture, which must be done 
with great care in these patients to prevent 
midbrain or medullary compression, is a 
valuable technique in confirming the diag-
nosis. Most patients with intracranial 
hemorrhage have a cerebrospinal pressure 
of over 200 mm. of water. Blood in the 
fluid is found in almost 100 per cent of 
cases of primary subarachnoid hemorrhage 
and in about 85 per cent of cases of cere-
bral hemorrhage. 
Radiological studies are of considerable 
importance in discovering the site of the 
lesion. A plain film of the skull, angiog-
raphy and pneumoencephalography usually 
carefully localize the site of an aneurysm 
or angioma or intracerebral clot. This is 
an essential for modern surgical treatment. 
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DIAGNOSIS 
The diagnosis of intracranial hemor-
rhage is based on as complete a history as 
possible, a careful physical examination 
and the intelligent use of special proced-
ures. It seldom presents any difficulty and 
is confirmed in most cases by finding 
blood in the cerebrospinal fluid. However, 
nowadays it is not enough to make a nom-
inal diagnosis of spontaneous intracranial 
hemorrhage. The source of bleeding must 
be located and its cause determined. 
The differential diagnosis is twofold: 
1. Differentiation from other lesions of the 
ner11o11s system. Diabetic coma is associated 
with acetone breath and Kussmaul breath-
ing. Intracranial hemorrhage victims have 
lower blood sugar values and no appreci-
able ketonuria. In extradural and subdural 
hemorrhage the association with trauma 
and the radiological evidence usually rules 
them out. Drugs, acute achololism, and 
uremia can cause coma but differentiation 
is usually straightforward. However, 
strokes are common complications of the 
uremic state. Brain tumors and abscesses 
have a gradual onset. Epilepsy may be 
ruled out by a history of previous convul-
sions or, if necessary, by angiography. 
2. Differentiation of "strokes'' . This is of 
no little importance because of prognosis. 
With only conservative management of 
intracranial hemorrhage the general prog-
nosis of a drastically shortened life span or 
poor recovery from neurological defects 
must be expected. 
Cerebral embolism onsets suddenly with 
a neurological disturbance. The patient 
usually has clinical evidence of emboli oc-
curring elsewhere and a history of endo-
carditis, auricular fibrillation, recent coro-
nary thrombosis, septicemia or septic focus. 
Cerebral thrombosis is usually more 
gradual in onset, has a normal C.S.F. pres-
sure and no blood in the fluid. It rarely 
onsets with convulsions and rarely results 
in meningeal irritation. 
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MEDICAL TREATMENT 
The general treatment of strokes regard-
less of etiology is the same. Too energetic 
treatment may lead to more hemorrhage, 
aggravate the clinical picture and cause 
death. This conservative medical approach 
has often been described as "masterful in-
activity" . 
Move the patient as little as possible 
once the diagnosis is made. It takes from 
one-half to over one hour for the initial 
shock to subside. Then, as soon as indi-
cated, move the patient carefully to hospi-
tal. Nurse the patient semiprone. As soon 
as the patient is conscious his headache 
should be relieved with analgesics or seda-
tivs. Opiates must be avoided. Then the 
stroke victim must be kept as quiet as pos-
sible. A darkened room may relieve the 
discomfort due to photophobia. 
There is no known medical method 
which will stop the bleeding. The goal in 
treatment is to save the patient's life. The 
great danger is death from failure of the 
vital centres of the brain which is almost 
certain to occur if a large hemorrhage con-
tinues. Icebags around the head or hypo-
thermia may control the bleeding. There 
is probably some advantage in treating ar-
terial hypertension with hypotensive drugs 
such as pentolinium or mecamylamine or 
even in lowering the blood pressure in the 
absence of hypertension. If the intracranial 
pressure rises too high, intramuscular mag-
nesium sulfate and similar medications may 
be tried. The use of lumbar puncture to 
relieve a high intracranial pressure or to 
withdraw sanguinous fluid is controversial. 
Repeated punctures may be lethal. Fre-
quent evacuation of the bowels helps in 
decreasing blood pressure. The urinary 
bladder should be emptied by catheter 
when necessary. 
The patient must be safeguarded against 
respiratory infections by the use of anti-
biotics or sulfonamides. Coughing and 
choking on food , or aspiration of food 
should be considered in feeding. Tube 
feeding is sometimes necessary if these 
problems present. 
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Bed rest is advocated for at least one 
month. Activities are gradually resumed 
over the next several months with rehabili-
tation a foremost problem. 
Unless moribund from the effects of the 
hemorrhage the patient should be consid-
ered for surgical treatment. Initially the 
site and cause of bleeding is identified. In 
general about 7'5 per cent of patients with 
spontaneous intracranial hemorrhage on 
the basis of hypertensive vascular disease 
will die. A small proportion of the re-
mainder can be helped surgically. This 
group includes the patient with a super-
ficial cerebral or cerebellar hemorrhage 
who survives the initial ictus. From 50 to 
60 per cent of patients who suffer from 
aneurysmal rupture die in the first eight 
weeks from the initial attack or recur-
rences. Of the remainder half are crip-
pled. Surgical procedures of ligating, 
"trapping", wrapping or excision of these 
lesions offer better prognoses. Those 
patients who have brain clots must be con-
sidered for surgical evacuation since the 
clot is slowly absorbed and apt to behave 
as a tumor. 
SURGICAL TREATMENT 
In the past decade rapid advances have 
been made in the surgical treatment of 
intracranial aneurysms. Operations on 
patients who have survived two weeks af-
ter the last hemorrhage are done with rela-
tive safety. The problem concerns the 
patient seen shortly after the hemorrhage. 
Undoubtedly the highest incidence of re-
current hemorrhage is during the first 
three weeks-the period of greatest sur-
gical risk because of cerebral artery spasm 
and massive brain swelling. Surgeons have 
attempted to overcome these hazards by 
the use of artificial hypothermia and urea 
-a new hypertonic solution for the reduc-
tion of brain volume. Most recent figures 
indicate that the results in patients who 
are not critically ill are gratifying. On the 
other hand comatose and hemiplegic 
patients, not harboring a clot, have not 
done well. Attempts have been made to 
tide these cases over the period of massive 
51 
---Spontaneous Intracranial Hemorrhage----------
cerebral swelling with long-term hypo-
thermia and careful nursing. 
Initially Huoterian ligature of the caro-
tid artery in the neck was the more widely 
used procedure in the attempt to reduce 
the head of pressure within the aneurysm. 
Sudden carotid ligation produced a high 
percentage of hemiplegia and death. Elab-
orate clamps were designed to occlude the 
artery gradually and allow immediate open-
ing in the event of hemiplegia. The major 
use of this procedure today is for internal 
carotid aneurysms, most authorities feeling 
that carotid ligation has little effect on 
aneurysms lying beyond the carotid bifur-
cation. In addition the future of the patient 
must be considered for he may be faced 
years hence with degenerative stenotic 
cerebrovascular disease having only one in-
tact carotid artery. 
The presence of intracerebral clot which 
occurs in at least one-quarter of the cases 
makes an intracerebral procedure manda-
tory. Thus in recent years there has been 
a distinct tendency for surgeons to ap-
proach the lesion with the idea of obliter-
ating the aneurysm while sparing the 
major cerebral artery from which it arises 
- usually using a silver clip or a ligature. 
Angiomas are removed where accessible or 
the major feeding vessel is ligated. Carotid 
ligature and radiotherapy appear to have 
no effect on these lesions. 
The modern operation on an intracranial 
aneurysm is a major undertaking requiring 
exacting teamwork on the part of the radi-
ologist, anesthetist, physician, surgeon and a 
host of assistants. Continuous recordings 
are made of the vital functions by the 
electroencephalogram, electrocardiogram, 
intra-arterial pressure gauges and thermo-
couples, etc., while artificial hypothermia 
is induced to between 28° and 30°C. The 
carotid arte.ries are isolated in the neck so 
that cerebral circulation can be interrupted 
intermittently during final stages of dissec-
tion and ligation of the aneurysm, for the 
brain can tolerate 8 to 10 minutes of circu-
latory arrest at these temperatures. 
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PROGNOSIS 
Even by conservative estimate spontan-
eous intracranial hemorrhage is followed 
by a 50 per cent mortality. Intracerebral 
hemorrhage is most common by far and as 
it occurs chiefly in patients over 50 suffer-
ing from advanced arterial degeneration it 
ranks predominantly as a rapidly lethal 
disease of the nervous system (Wilson, 
1940). Those patients with hypertensive 
cerebrovascular disease face a mortality 
rate of 75 per cent or more. A minority of 
cases, however, which includes patients of 
all age groups, survive the first two or 
three days and in these patients the bleed-
ing may come from an aneurysm, arterio-
venous malformation, cryptic hamartoma 
or even leakage from a small atheromatous 
artery. Many of these cases can be bene-
fited by surgery. 
The toll of subarachnoid hemorrhage is 
also high. It is responsible for about 2 per 
cent of sudden unexpected deaths. Various 
authors have shown that about 30 per cent 
of patients die of the initial attack and 
that 30 per cent of the survivors die of a 
fatal recurrence within eight weeks of the 
initial hemorrhage. Therefore about 40 per 
cent survive to leave hospital and half of 
these are disabled. Sooner or later 20 per 
cent of those who leave hospital will die 
of a fatal recurrence. 
Surgical procedures at present offer the 
greatest hope. Although techniques vary 
much, as well as selection of cases, the ex-
pected mortality rate of many operable 
groups of patients is being decreased by 
two-thirds (Elkington, 1958). 
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Disseminated Sclerosis 
JOHN COLLINS, '60 
INfRODUCTION 
Disseminated sclerosis is one of the commoner diseases of the central nervous 
system. It is characterized by its insidious onset and its long course with remis-
sions and relapses. It was in 183~ that Cruveilhier published the first description 
of the disease, and three years later Carswell published an almost identical case 
history. Charcot's use of the term "sclerosis en plaques" and his description of 
the triad of ataxia, scanning speech, and nystagmus brought wider interest and 
attention to the problems of diagnosis of disseminated sclerosis. 
INCIDENCE 
Disseminated sclerosis is a widespread 
and common disease, more frequent in 
women (in a ratio of about three women 
to two men) . It usually begins between 
twe'nty and forty years of age, but one-
fourth of all cases begin before and after 
these limits . It is commoner in Northern 
Europeans, and even in Scandinavians born 
in North America it is more frequent up 
to the third generation. 
ETIOLOGY 
Consideration has been given to infec-
tion, trauma, and climate as causative fac-
tors, but these are dismissed by most mod-
ern observers. The influence of heredity 
is not thought to be important, although 
there are some well-documented familial 
cases. Some believe that allergy may be 
the main etiological factor. Several types 
of allergic conditions have been found 
more frequently among patients develop-
ing disseminated sclerosis than in controls. 
However, other explanations of these find-
ings have been offered, and the relation-
ship of allergy to disseminated sclerosis is 
presently doubtful. 
It was thought that disseminated scler-
osis might be the chronic form of acute 
disseminated encephalomyelitis. The theory 
claimed that, although etiological factors 
such as infection, allergy and toxin, were 
identical in both diseases, some patients 
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would develop an acute reaction and others 
a chronic reaction. There are some simi-
larities between the diseases, but such an 
intimate relationship is now discredited. 
German and American reports of a 
spirochete (S. myelophthora) causation, 
and Russian claims that a filtrable virus 
has been isolated (and a successful vaccine 
made) are not substantiated by known 
facts and have not been confirmed . 
PATHOLOGY 
The main pathological feature of the 
disease is demyelinization in plaque-like 
areas which are irregularly scattered 
throughout the brain, spinal cord and 
nerve roots, mainly in the white matter. It 
is thought that the plaques may be associ-
ated with the formation of smaJI platelet 
thrombi caused by local changes in the 
serum protein. 
The gross appearance is of grey-pink, 
firm and gelatinous plaques, which are 
usually more frequent around the ventri-
cles, especially the lateral horns, the aque-
duct, the optic nerves and chiasma, and 
the basal ganglia. 
On microscopic inspection of the 
plaques, the myelin sheaths are destroyed, 
but the axis cylinders are usually intact 
(thus the possibility of remissions and re-
lapses) . There is a round cell infiltration, 
with microglial proliferation and numer-
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ous fat-loaded cells In older lesions there 
is invasion by fibrillary astrocytes and 
g liosis. 
CLINICAL FEATURES 
The problem of diagnosis is relatively 
easy when there are (a) two or more 
symptoms, indicating a dissemination of 
central nervous system lesions or (b) a 
history of remissions and relapses with 
progression. However it is desirable to 
diagnose disseminated sclerosis on the basis 
of the earliest symptoms, even though they 
may be isolated or vague. 
Common Early Symptoms 
One common mode of onset is with 
retrobulbar neuritis. There may be a dim-
ness or mistiness of vision, which may or 
may not be accompanied by pain. It is 
usually unilateral with no intra-ocular 
changes at this time. There is almost al-
ways a central scotoma (due to the sensi-
tivity of the papillo-macular bundle) 
eventually followed by temporal paUour of 
the disc. There may be some restriction of 
colour fields, especially of red . The condi-
tion usually clears up in a few weeks. 
Frequently the first symptom is transi-
ent weakness of one limb. The patient may 
complain of foot drop or an arm which is 
useless, or inability to grip with the hand. 
This finding may be bilateral and may per-
sist. 
Limb paresthesiae, especially in the legs, 
are commonly ignored until a later, more 
serious symptom is seen. Numbness and 
tingling with any other sign of neurologi-
cal disease should always be suspected as 
disseminated sclerosis. 
The early features of the disease may 
only remotely suggest neurological disease. 
There may be persistent fatigue and ex-
haustion, headache, diplopia, vertigo or 
vomiting. There may be emotional lability 
of sufficient severity to suggest mental ill-
ness, but even this will be found to under-
go remissions. 
Ocular and Visual Signs 
Nystagmus is frequently seen. It may be 
horizontal, vertical, or rotatory. There may 
be ataxic nystagmus if the medial longi-
tudal fasciculus is involved. Whenever 
ataxic nystagmus is seen it is almost path-
ognomonic of disseminated sclerosis. 
Optic neuritis is due to a lesion in the 
optic nerve just behind the lamina cribrosa 
and is not so frequent as retrobulbar neur-
itis. Pain, dimness of vision and partial 
blindness are common. There is hyperemia 
of the disc, with distension of the veins, 
papilledema and blurring of the disc mar-
gins. There may also be small striate hem-
orrhages peripherally. 
Diplopia is a common early symptom 
which is often temporary and does not re-
turn with following relapses. However it 
may persist, even during remissions, or 
may progress to ophthalmoplegia. 
Primary optic atrophy may follow retro-
bulbar neuritis, and on examination the 
disc is white or grayish and the lamina 
cribrosa is visible. Optic neuritis often 
results in secondary optic atrophy. Here 
the disc is usuaUy white and the lamina 
cribrosa cannot be seen. The end result is 
usually total blindness and a dilated fixed 
pupil, although this does not often precede 
the death of the patient in disseminated 
sclerosis. 
Sensory Signs 
In addition to the paresthesiae noted 
above, there may be a loss of propriocep-
tive and vibration sense without loss of 
cutaneous sensation. There may be a loss 
of the ability to understand or express ab-
stractions. 
When present, pain may be brachial or 
lumbosacral root pain, or thoracic girdle 
pain. There may also be trigeminal neur-
algia (tic douloureux) . A shock passing 
down the arms and legs when the head is 
flexed or the spine jarred suddenly is seen 
only in subacute combined degeneration of 
the cord, Friedreich's ataxia, and dissemi-
nated sclerosis. 
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Vertigo is frequent, and may be the 
earliest manifestation, or the only symp-
tom during the first few attacks of the dis-
ease. It is transient and fleeting and may 
be accompanied by nystagmus as well as 
nausea and vomiting. 
Motor Findings 
Spastic paralysis is common and may be 
early. There may be an extensor plantar 
response, increased deep reflexes, and a 
loss of abdominal reflexes. There may also 
be a loss of postural tone, and intention 
tremor, and ataxia due to loss of proprio-
ceptive sensation. General physical weak-
ness may be the only symptom early in the 
course of the disease, and it may persist 
even during remissions. 
Personality and Behaviour Changes 
Disseminated sclerosis beginning in ado-
lescence may appear to be nothing more 
than a particularly turbulent adjustment to 
puberty. In other cases there may be such 
marked behavioural changes that an early 
severe neurosis may be diagnosed. 
Euphoria and pathological laughter are 
common during the course of the disease. 
Hysterical symptoms frequently cloud the 
diagnosis in the early stages of the disease. 
There may be amenorrhea, frequency and 
urgency of micturition, and fleeting non-
specific neurological signs. 
An intellectual defect is usually seen late 
in the course, but in rare cases there may 
be onset with rapid progressive dementia. 
Laboratory Findings 
There are no constantly specific labor-
atory findings in disseminated sclerosis, 
but some of the following may be noted 
during investigation. On examination of 
the blood, the serum albumin and albumin-
globulin ratio are low. In the cerebrospinal 
fluid the colloidal gold curve is paretic 
frequently, and there may be an increase in 
pteryl glutamic acid and cobolamine levels. 
Protein is increased and there is a slight 
lymphocytosis. 
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CLINICAL 1YPES 
Some investigators have noted that 
groups of symptoms tend to occur to-
gether, suggesting that the disease process 
is following a pattern. These groups of 
symptoms have been classified anatomic-
ally as follows : 
1. Spinal. There is spasticity and ataxia, 
and usually the spasticity is greater in the 
legs and the ataxia is greater in the arms. 
Frequency of micturition is typical of this 
type. 
2 . Cerebral. There is advancing spastic 
hemiparesis which is slower in onset than 
that due to a cerebral vascular accident. 
3. Cerebellar. Cerebellar signs are com-
mon. They must be distinguished from 
cerebrellar tumors and acoustic neuromas. 
4. Pontine. This type produces an ataxic 
speech, so that there is marked dysarthria 
in the absence of dysphonia. Irregular 
speech is found in many cases of dissemi-
nated sclerosis, however. 
DIFFERENTIAL DIAGNOSIS 
Diagnosis of disseminated sclerosis is 
made on the basis of dissemination of 
lesions throughout the central nervous sys-
tem without pattern, and/or a history of 
progression through relapses and remis-
sions. Each relapse leaves the patient with 
increasing disability. 
If there is paraparesis and hemiparesis 
without a previous history, and no other 
signs, myelography and ventriculography 
may be required to eliminate cerebral vas-
cular accidents and brain tumors. How-
ever, clinical judgment supercedes these 
methods. 
Neuromyelitis optica is differentiated 
from the retrobulbar neuritis of dissemi-
nated sclerosis by the sudden nature of the 
loss of vision in the former. Also the loss 
is complete rather than circumscribed in 
neuromyelitis optica. 
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Central amaurosis of Schilder's disease is 
easily differentiated because there is no 
dissemination, and it occurs mainly in chil-
dren. Leber's optic atrophy is hereditary 
and some relative is also affected. Differ-
entiation from the encephalopathy of box-
ers is made on history. 
The problem of diagnosis is of such 
magnitude that of 3906 cases diagnosed as 
disseminated sclerosis in a Danish study, 
11 75 errors of diagnosis were found and 
this was considered by the reviewers to be 
a better than average accuracy. 
TREATMENT 
Treatment of disseminated sclerosis has 
been as varied and uncertain as the many 
theories of its etiology. In the past arsenic 
was once popular, and is still used by some 
backward clinics in the world. Quinine has 
had a trial and many have thought that 
vitamin therapy, single and multiple, 
would eventually prove effective. Fever 
therapy was popular in the early forties 
of this century. Penicillin, tissue extracts 
and anti-coagulation have all been tried. 
It is generally agreed that while results 
may be achieved with any of these regimes 
of treatment, they are usually coincidental 
with a spontaneous remission. 
Hemolyzed blood, whole blood and hu-
man albumin have been administered in 
attempts to offset relapses, with indefinite 
results. While there is no satisfactory 
method of preventing relapses, patients 
should probably try to avoid physical 
fatigue, exposure to cold, dampness and 
pregnancy. 
Physio-therapy is the only method of 
treatment which is positively beneficial in 
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most cases. A course of exercises designed 
to relieve spasticity or weakness and to im-
prove coordination should be instituted. 
Symptomatic or empirical occupational 
therapy is similarly useful. In both cases 
treatment must be lightened during an 
exacerbation. 
The patient must be reassured constant-
ly and everything possible should be done 
to prevent the development of depression. 
After the onset of euphoria, however, such 
measures may be superfluous. 
REFERENCES 
l. Ayres, W . W .: U. S. Armed Forces, M. J ., 
9 : ~07, 19~8 . 
2 Baker, A. B. (eel.) : Clinical Neurology, New 
York, 19~~ . 
3. Bergin, J. D .: J. Neural., 20 : 285, 1957. 
4. Cooke, D . M. : American Journal of Occupa-
tional Therapy, 12: 89, 1958. 
5. Ferraro, A.: ]. Neuropath., 17 : 278, 1 9~8 . 
6. Ford, F. R. : Di eases of the Nervous System 
in Infancy, Childhood and Adolescence, 
Springfield, 1946. 
7. Gall , eta/: Pediatrics, 21: 703, 19~8. 
8. Grobin, W .: Caoad. M. Ass. J ., 78: 430, 
1958. 
9. McAlpine & Compston: Quarterly J. Med., 
21 : 13~. 19H. 
10. N.pstilc, H .: Acta Psych. et Neurol. Scand ., 
32: 199, 1957. 
11. Parson , et a/: Journal of Nervous and Men-
tal Disease, 12~ : 251 , 1958. 
12. Peerson, 1.: Acta Psych. et Neurol. Scand., 
33: 103, 1958. 
1 ~. Sobotka, et a/: Proc. Soc. Exp. Bioi. and 
Med., 98 : 534, 1958. 
14. Walshe, Sir Frances: Disease of the Nervous 
System, 9th ed., Edinburgh and London, 
1958. 
U.W.O. MEDICAL JOURNAL 
Polyneuritis 
MARVIN H. UPTON, '59 
INTRODUCI10N 
The nebulous conception of polyneuritis has prompted the wnung of this 
paper. Astonishing as it may appear, the fact remains that there is great disparity 
on this subject even among the authorities, leaving the student in an even greater 
quandary. I hope that I have not added to the confusion. 
DEFINITION 
Polyneuritis is inflammation of many 
nerves at once. The condition is attended 
by pain and tenderness over the nerves, 
anesthesia, disturbances of sensation, 
paralysis, wasting, and disappearance of 
the reflexes. It affects, as a rule, the distal 
more than the proximal segments of the 
limbs; it may involve the cranial nerves 
and alter mentation. 
In actuality neuritis is a misnomer for 
in most cases it is neither an inflammatory 
nor an infectious process but rather of a 
degenerative nature, hence a neuropathy. 
In practice, neuritis is interchangeable with 
neuropathy. 
HISTORY 
The disease was first recorded by Lett-
son in 1789. The astute clinician Robert 
Graves in 1828 described "one of the most 
remarkable examples of disease of the 
nervous system, commencing in the ex-
tremities and having no connection with 
lesions of the brain and spinal cord. Here 
was an instance of paralysis creeping from 
the periphery to the centre." In 1859 Lan-
dry described his "Ten Cases of Acute 
Ascending Paralysis". It was thought at 
that time that fatal and complete paralysis 
could occur without structural changes in 
the nervous tissue. Present-day histological 
techniques enable us to disprove this yet 
we are unable to demonstrate the chemical 
or metabolic changes which precede the 
pathohistological alterations. In 1884 Sir 
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Thomas Grainger Stewart named the affec-
tion, "Multiple Symmetrical Peripheral 
Neuritis". 
ETIOLOGY 
The classfications of this disease are in-
finite in number. The most useful is that 
by etiology (Cobb and Coggeshall). 
A. Localized. 
1. r,.amna-stcetcbing, laceration, compres-
sion by tumor, intervertebral disc or ar-
thritis, external pressure, cervical outlet 
syndrome, carpal tunnel syndrome, edema 
due to serum sickness. 
2. lnflammato,.y-diphtheria toxin, tetanus 
toxin, streptococci, leprosy. 
3. Chemical - local injection of arsenic, 
mercury, penicillin, glucose, etc. 
4. Unknown-brachial neuritis. 
B. Systemic 
1. Bacte,.ial- diphtheria, streptococcal in-
fections, typhoid fever, typhus, malaria, 
tuberculosis, gonococcal infection. 
2. Vi,.al - (questionable) "acute febrile 
polyneuritis". 
3. Chemical - arsenic, lead, mercury, bis-
muth, phosphorus, silver, thallium, carbon 
monoxide, carbon disulfide, di- and tri-




4. Metabolic-vitamin deficiencies (chronic 
alcoholism, beriberi, pellagra, sprue, per-
nicious vomiting of pregnancy, pernicious 
anemia), diabetes mellitus, porphyria, 
gout, cachexia. 
5. V asc11lar- arteriosclerosis, thromboangi-
itis obliterans, polyarteritis. 
6. Hereditary degenerative disorders - De-
jerine and Sottas, Charcot-Marie-Tooth, 
etc. 
7. Degenealive nmropathy-associated with 
carcinoma (especially bronchogenic) . 
8. Poiyt~euritis of tltldetermined ca11se. 
One can readily visualize what the more 
complicated classifications might be like. 
Note also that hysteria not uncommonly 
simulates polyneuritis and should be diag-
nosed only upon exclusion of the other 
etiological factors. 
PATHOGENESIS 
How the pathological lesions came about 
is not perfectly understood. Lyndon noted 
the behavior similarity between patients 
suffering from arsenic poisoning due to 
therapy with Mepharsan and alcoholics 
with delerium tremens or chronic alcoholic 
stupor. He made the tentative suggestion 
that perhaps a similar pathological picture 
was present. To substantiate this view he 
treated arsenical polyneuritis with vitamin 
B and got good results. In 1946 Gowdey 
noted that patients with arsenical poison-
ing and no vitamin B deficiency all show-
ed a disturbance of carbohydrate metabol-
ism as evidenced by an increase in the 
pyruvic acid level. This increase in the 
pyruvate level was also noted in patients 
with thiamine deficiency. Douglas in 1950 
stated that despite the diversity of re-
sponsible poisons the clinical and patho-
logical result is remarkably uniform whe-
ther one is dealing with a simple element 
like arsenic or a more complicated protein 
molecule like the diphtheria toxin. Whe-
ther such different agents act directly on 
the nerves or indirectly by producing a 
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single metabolite which in itself is a direct 
neural and myocardial poison is problem-
atical. It was later found that diphtheria 
toxin acts by competing with cytochrome 
B in tissue respiration. Another similarity 
exists in the necessity of thiamine for the 
conversion of pyruvate to citrate and the 
blockage by arsenic of the sulfhydryl 
groups of the co-enzymes. It is also a pos-
tulate that in alcoholism the pathological 
biochemistry is, in essence, an avitaminosis 
(probably B complex) resulting from poor 
gastric absorption due to hypertrophic gas-
tritis. In the case of lead poisoning, Aub 
and his co-workers feel that the effects are 
due to an accumulation of lead acetate in 
the muscle itself, hence in reality a myop-
athy. 
PATHOLOGY 
Although peripheral nerve has only a 
limited method of reaction to disease or 
injury, the pathogenic and morphologic 
problems of peripheral neuropathy are 
among the most difficult in all pathology. 
The reaction of peripheral nerve is of two 
types. 
The first is seen when an axis cylinder 
is cut. Its nerve cell body undergoes 
axonal reaction and there is proximal 
degeneration for the length of one or two 
nodal segments. The effect of section upon 
the distal segment is referred to as Wal-
lerian degeneration in which the axis cylin-
ders become shrunken and distorted. In 
a few days the axis cylinder and myelin 
sheath begin to break up. As myelin is 
liberated, histiocytic macrophages invade 
the nerve, picking up the particles and 
converting them to neutral fats which 
stain with fat stains. When phagocytosis 
is complete the macrophages gradually 
disappear. At the same time the Schwann 
cells of the neurilemma sheath proliferate 
to form a hollow tube into which the 
advancing proximal portion of the axis 
cylinders regenerate. As the axis cylinder 
regenerates it is covered once again with 
a myelin sheath. 
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The other important mode of reaction 
of peripheral nerve is the so-called seg-
mental degeneration of Gombault. This 
occurs in incomplete lesions of varying 
cause, and is represented by dissolution of 
myelin, often with no demonstrable degen-
eration of the axis cylinder. Histiocytic 
macrophages, as always, come in to pick up 
the degenerate myelin. Long or short seg-
ments of demyelinated axis cylinders are 
the end result. 
Boyd feels that neuritis may be classified 
pathologically as (1) toxic neuritis due to 
organic and inorganic toxins which pro-
duce a picture similar to that seen in the 
W allerian degeneration described above, 
and (2) interstitial neuritis due to bacter-
ial invasion of the nerve from some neigh-
boring septic focus so that the distribution 
is asymmetrical. Other such irritants are 
cold (e.g. Bell's palsy) and pressure from 
a crutch. Grossly the nerve is swollen and 
red . Microscopically the picture is variable. 
The interstitial tissue may be congested 
and infiltrated with leukocytes. On the 
other hand it may show nothing more than 
a mild edema. The leukocytic exudate may 
be confined to the sheath of the nerve. 
The medullary sheaths of the fibres may 
undergo secondary degeneration but the 
axis cylinders preserve their integrity so 
that when pressure of the exudate is with-
drawn (the Schwann cells proliferate and 
take on a phagocytic function) there is res-
toration of function. 
Clinically interstitial neuritis is localized, 
affecting one nerve or the contiguous 
nerves of the plexus. In the degenerative 
form the peripheral parts of the nerves are 
affected more, the lesions being usually 
multiple and symmetrical. A combination 
of both forms may be present, as exempli-
fied by polyarteritis nodosa. 
SIGNS AND SYMPTOMS 
The signs and symptoms vary widely in 
rapidity of onset, distribution, severity and 
course. The variation lies in the predomi-
nance of either motor or sensory involve-
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ment. Certain generalizations may be 
made. 
Sensory manifestations are predominant-
ly distal, the sensory defects tending to 
cover a stocking and glove pattern. Pain 
in the distribution of the nerve is most 
common and prominent. The type of pain 
is variable-deep, aching, sharp, pricking 
or burning-and is increased by movement 
of that part of the body. Paresthesiae, if 
present, may be tingling, tight or cold in 
nature. There may be impairment of sen-
sation of varying intensity, i.e. hyper-
esthesia, hyperalgesia, hypoesthesia, etc. 
Increased sensitivity to muscle compression 
is a common sign. 
Motor manifestation is paralysis of 
lower motor neurone type. The lower 
limbs are affected earlier and more severe-
ly. The weakness is inconstant in degree 
and usually distal. Complete paralysis can 
result but is uncommon. The affected 
muscles are flaccid and exhibit atrophy and 
an electrical reaction of degeneration. Ten-
don reflexes are hyperactive initially, but 
later are decreased or absent. In chronic 
cases the atrophied muscles fibrose, and 
this fibrosis leads to flexion deformities. 
Autonomic system changes are variable, 
with hyperhidrosis, hypohidrosis, and 
faulty vascular response to changes in tem-
perature apt to occur. The skin becomes 
thin and shiny and may desquamate. Tachy-
cardia in the acute stage of the illness is 
another manifestation. 
The occasional presence of a character-
istic form of mental disorder indicates that 
the central nervous system is not immune 
from the effects of the causative agent. 
DIFFERENTIAL DIAGNOSIS 
Since polyneuritis can simulate almost 
any neurological disorder, differentiation 
must be made from all nervous diseases. 
Worth particular mention are hysteria and 




The myriad of distinct affections of the 
peripheral nerves is immediately apparent 
upon consulting any of the usual text-
books. Only those of special interest are 
discussed below. 
Infectious 
Diphtheritic 11etmtrs is not common in 
Canada. Paralysis of palatal and ocular 
muscles occurs in the second and third 
week of diphtheria. During convalescence 
polyneuritis develops but usually goes on 
to complete and permanent regression 
within six months to a year. 
Ac11te febrile polyneuritis (Guillain-Barre 
syndrome, Landry's paralysis, infectious 
polyneuritis, acute idiopathic polyneuritis) . 
The etiological agent is widely believed to 
be a virus, although there is as yet no 
proof. The incidence quoted is variable-
from "the commonest form of polyneuritis 
in Great Britain" (Brain) to "compara-
tively rare" (Conybeare and Mann). For-
tunately there is agreement in regard to 
the clinical picture. There is an initial 
febrile illness with no nervous symptoms, 
followed by a latent period preceding the 
sudden onset and rapid progression of 
polyneuritis with motor symptoms pre-
dominating. It usually begins in the legs 
and ascends the trunk, sometimes involv-
ing the respiratory muscles as well as the 
arms. There is sometimes paralysis of the 
facial muscles of one or both sides. The 
sphincters remain intact. The cerebrospinal 
fluid protein is elevated to 300 to 400 
mg.% without any increase in the cell 
count - the characteristic albuminocyto-
logic dissociation. This condition is dif-
ferentiated from acute ascending polio-
myelitis by the symmetrical distribution, 
disturbances of sensation, and albumino-
cytologic dissociation of the former. Death 
from respiratory paralysis may occur, but 
can usually be averted by the use of mech-
anical respirators during the transient par-
alysis. In patients who survive, complete 
recovery is the rule. 
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Chemical 
Lead neuropathy is usually accompanied 
by other systemic disorders of lead intoxi-
cation such as colic, a lead line on the 
gums, anemia and basophilic stipling of 
the red blood corpuscles. In this disease 
the arms are affected more than the legs 
and manifested initially by weakness of the 
extensors of the wrist. The affection may 
progress to wrist drop and is mainly a 
motor disturbance in those muscles which 
are used the most, i.e. those of the domi-
nant hand first. The sensory nerves are 
not involved; therefore there is no com-
plaint of numbness or tingling, nor any 
sensory loss. This selectivity led Aub and 
his co-workers to state that the condition 
is in reality a myopathy, the mechanism of 
which has been previously discussed. Spe-
cific treatment entails use of the chelating 
agents. 
A rJenicaJ polyneuropathy is due to chronic 
intoxication and is much less common since 
the advent of penicillin and the reduced 
use of arsenicals for the treatment of syph-
ilis. The signs and symptoms are similar 
to those seen in alcoholic polyneuritis since 
the two are pathogenetically parallel. 
Accompanying effects are hyperkeratosis 
of the palms of the hands and soles of the 
feet. Disturbances of mental function , con-
vulsions and coma due to encephalopathy 
may occur. Specific treatment consists of 
removal from the source of arsenic and 
B.A.L. 3 mg.j kg. of body weight q4h for 
3 days and then b.i.d. for 10 days. 
Neoplastic 
A polyneuritis may occur in association 
with bronchogenic carcinoma, and may 
even draw attention to the malignancy. 




Alcoholic neuritis is variable in its sever-
ity from simply a tenderness of calf mus-
cles with concomittant parasthesiae to the 
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severe form foot drop or paresis of the 
legs accompanied by a Korsakow's syn-
drome. 
Although beri-beri is not common in 
Canada it is far from rare in other parts 
of the world. The clinical picture is sim-
ilar to that of alcoholic neuritis, and both 
respond to vitamin B (especially thiamine) . 
The peripheral neuritis seen with per-
nicious anemia is reversible, in contrast to 
the neurological changes due to spinal cord 
involvement, on treatment with parenteral 
vi tamin Bl2. 
DiabeteJ mellituJ. Brien feels that the 
commonest cause of polyneuritis in this 
country is probably diabetes mellitus. Dia-
betic neuropathy is clinically demonstrable 
in approximately 4 per cent of patients 
with diabetes meliitus. This complication 
has no relation to severity of the diabetes 
and is felt that it may be due to a nutri-
tional deficiency-either exogenous or en-
dogenous. The neuritis may be classical or 
the signs and symptoms may develop in-
sidiously with loss of tendon reflex at 
the knee or ankle the only manifestation. 
Visceral nerves if involved give rise to 
diarrhea, nausea, and weakness in mictura-
tion. Management of diabetic neuropathy 
is principally through optimal control of 
the diabetes, and eradication of foci of in-
fection, but vitamin B complex supple-
ments are advised on an empiric basis. 
TREATMENT 
Specific treatment as mentioned above is 
possible only in some cases. 
General principles of treatment are most 
important, particularly when specific treat-
ment is lacking. 
1. Strict bedrest. 
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2. Splinting the affected limbs to avoid 
contractures. 
3. Passive movement of the limbs. 
4. Heat via moist packs or electric light 
bulbs attached to a metal cradle. 
5. Non-opiate analgesics and sedation for 
relief of pain and discomfort. 
6. Good nourishment by full diet with 
vitamin supplement. 
7. Care of skin, bowel and bladder. 
Prognosis depends on degree of initial 
severity, efficacy of active treatment, and 
prevention of recurrence. 
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DONALD M. NOBLE, '60 
INTRODUCI10N 
Migraine is a symptom complex characterized by recurrent attacks of head-
ache, with or without associated visual, gastrointestinal and other symptoms, in 
an individual who is in good health in the interval between attacks (Merritt ) . 
Most patients with migraine have unilateral throbbing headaches, preceded by 
visual or other sensory aura, nausea and vomiting and photophobia. In some 
there are no aura and in others there are only aura, the headache itself being 
inconspicuous or absent. 
PATHOGENESIS 
The present theory is that it is due to a 
recurrent disorder of the carotid arterial 
tree. There are two phases of dysfunction . 
( 1) In the au.ra phase the intracranial ar-
teries vasoconstrict. (2) in the headache 
phase the extracranial arteries vasodilate 
abnormally. The branches of the external 
carotid are the ones usually at fault. How-
ever, in about 5 per cent of the cases, the 
headache is caused by dilatation of intra-
cranial vessels ; this type is worsened by 
coughing, straining and bending. 
Secondary Factors. Wolff found that sec-
ondary edema of vessel walls prolongs the 
ache and decreases the response of the ves-
sels to ergotamine tartrate. Secondary 
spasm of the upper cervical and occipital 
muscles produces a dull ache in the back 
of the neck which also tends to prolong 
discomfort. 
ETIOLOGY 
Age. The age at which migraine starts 
is quite variable. About 25 per cent start 
in childhood, 33 per cent in adolescence, 
33 per cent from then until age 40 and 
about 9 per cent over age 40. In later life 
it is often associated with essential hyper-
tension. 
Sex. The disease is more common 10 
females . 
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Heredity. There seems to be a definite 
hereditary factor in about 70 per cent of 
the cases, often being transmitted as a 
genetic dominant. 
Precipitating Facton. In migraine there 
are numerous precipitating factors . Some 
of these are anxiety, exertion, excitement, 
television, increased responsibility, mens-
truation and ingestion of alcohol. 
Penonality. Ross and McNaughton found 
an increased incidence of migraine in the 
personality type belonging to the obses-
sional, perfectionist, ambitious and stub-
born individual who tends to live in a 




Visual symptoms may be blurring of 
vision, flashes of light, spots before their 
eyes, diplopia, homonymous hemianopia, 
scotoma and swaying of objects. Sensory 
complaints include paresthesiae which may 
be localized to one side of the face, upper 
limb, mouth or tongue or may be general-
ized over one side of the body. 
The aura phase usually lasts from a few 
minutes to one half hour. 
Headache 
Overall, 60 per cent of the headaches 
are unilateral and 40 per cent are bilateral. 
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Usually one side is affected in some at-
tacks and the other side in other attacks. 
Occasionally it will be on one side con-
stantly as seen with arteriovenous angioma 
causing "symptomatic migraine" . The 
headache is usually frontal or temporal 
but it can also be occipital. It is variously 
described as pulsating, hammering, shoot-
ing, stabbing or a dull ache. 
Somatic Symptoms 
These include in some cases, nausea and 
vomiting, abdominal distention, cyanos is 
of the extremities, vertigo, tremors, pallor, 
dry mouth, diarrhea or constipation. Most 
commonly the symptoms are present for 
six to eighteen hours, and in each case 
tend to follow a particular pattern. 
SPECIAL TYPES OF MIGRAINE 
1. Migranous N euralgia 
This is usually seen in the older age 
group and has a male preponderence by 
a ratio of about 3:1. The attack character-
istically has a short duration of about 15 
minutes to 2 hours. The pain is supra-
orbital or may affect the lower divisions 
of the trigeminal nerve and may spread 
to the neck or shoulder. It commonly 
occurs in the early hours of the morning 
and an attack is usually followed by re-
mission of 6 months to 5 years. The 
sensory aura is missing but homolateral 
lacrimation, sore eye and clear nasal dis-
charge are often seen. Horner's syndrome 
may occur and can become permanent. 
(Horton) 
2. Abdominal Migraine 
Recurrent abdominal pain and vomiting 
occur in this condition but headache may 
be and usually is inconspicuous. Cyclic 
vomiting in childhood may be a precursor 
of migraine in later life. 
3. Status Hemicranicus 
In this condition one attack follows 
another for from several days to 3 weeks 
and produces dehydration and exhaustion. 
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4. The "Lewis Caffoll" Syndrome 
The patient has subjective feelings of 
becoming larger or smaller in relation to 
the outside world as part of the aura. The 
patient may get other disorders of body 
image, for example nihilism. Many other 
psychological manifestations may occur 
and a feeling of elation before an attack 
may be followed by depression after the 
attack. 
DIAGNOSIS 
A detailed history plays an important 
role in determining the type of headache 
and its predisposing factors. A thorough 
examination must be made to exclude 
other headache-producing diseases. Usually 
no other neurological symptoms occur 
with migraine except those described 
above and the Horner's syndrome as seen 
in migranous neuralgia. 
Differential Diagnosis 
1. Vascular anomaly or aneurysm 
2. Polycythemia rubra vera 
3. Colloid cyst 
4. Cholesteatoma 
5. Anxiety neurosis 
6. Hypertension 
Expanding lesions of the brain (neo-
plasms of brain and meninges, abscess of 
brain, hematomas) rarely produce signs 
simulating migraine. 
COURSE 
Migraine is usually a benign condition 
and does not seem to affect the life span, 
although it can be incapacitating during 
attacks. There is great variability in the 
frequency of attacks. They may occur 
regularly at certain intervals or they may 
show no regularity at all. A period of 
frequent attacks may be followed by a 
period free of attacks for many weeks or 
months. The attacks may last for the life 
span of the individual or they may stop 
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after menopause in women or in middle 
life in men. Pregnancy may give the 
patient a remission. 
Complications 
I . Thrombosis of retinal or cerebral ves-
sels 
2. Hemorrhage from pial, retinal, scalp 
or skin arteries 
3. Cranial nerve palsies (usually oculo-
motor) 
4. Permanent visual defects due to retinal 
artery occlusion 
5. Permanent hemianopia 
6. Persisting Horner's syndrome 
TREATMENf 
Prevention 
Since migraine occurs most frequently 
in the obsessional type of personality, 
some attempt at psychotherapy should be 
used in an attempt to modify the patients 
rigid way of life. He is best advised to 
relax his standards and to try not to per-
severe in his obsessional and perfectionis-
tic habits. He should avoid mental and 
physical fatigue. Daily periods of rest and 
regular vacation periods may be of help. 
Tranquillizing drugs or low doses of 
phenobarbital may be tried during the 
day or at bedtime in suitable patients. 
Ergot derivatives in small doses may be 
used for prophylaxis, often in combina-
tion, for example Bellergal tablets (San-
doz) which contain ergotamine tartrate 
(0.3 mg.) , belladonna (0.1 mg.) and 
phenobarbital (20 mg.) . 
Treatment of the Attack 
In the milder attack such common anal-
gesics as acetylsalicylic acid (300 mg. (5 
gr.) 1 to 3 tablets q3-4h) or codeine sul-
phate (30 mg. (gr. %) q4h) are often 
sufficient. Combinations of acetylsalicylic 
acid with one or both of caffeine citrate 
and codeine sulfate are preferable to the 
use of one drug alone. 
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In the more severe attack ergot deriva-
tives are indicated ; they offer relief if 
given within two hours of the onset of 
the attack. The action of the ergot deriva-
tives on the dilated blood vessels causes 
them to constrict and thus relieve the 
pain. If the blood vessels have been dilated 
for one to two hours their walls become 
somewhat rigid with edema and the ergot 
has little or no vasoconstricting effect. 
Ergotamine tartrate (2 to 4 mg. p.o.) 
or dihydroergotamine (1 mg. I.V.) should 
be given as soon as possible after onset 
of symptoms. The two preparations have 
equal effectiveness. The former may be 
used alone, for example Gynergen (San-
doz) , or in combination, for example 
Caffergot (Sandoz) containing ergotamine 
tartrate (1.0 mg.) and caffeine (100 mg.) , 
and given as 2 tab. initially and repeating 
q1/2h as necessary up to 6 tab. Parenteral 
ergotamine tartrate (0.5 mg. S.C. or 0 .25 
mg. I.V.) is an alternate method provid-
ing quicker results, but by the I.V. route 
is more apt to induce emesis. If vomiting 
is a feature ergotamine by suppository 
and antinauseant drugs are indicated. 
Ergot preparations are not tolerated in 
some patients and should not be used if 
serious side effects occur. They are contra-
indicated in peripheral vascular disease, 
coronary artery disease, impaired renal or 
hepatic function, and pregnancy. 
In a very severe resistant attack oxygen 
administration and meperidine are indi-
cated, but addiction possibilities must be 
kept in mind. 
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Radiological Examinations 
of the Central Nervous System 
WILLIAM GEDZ, '59 
INTRODUCriON 
The radiographical determination of both the location and the nature of 
neurological lesions plays an important part in the diagnosis of cerebrovascular 
disease, particularly since such g reat strides have been made in the special field of 
neurosurgery. 
The radiography necessary to provide adequate information for the neuro-
surgeon requires careful application of detailed techniques which include angiog-
raphy, pneumography, positive contrast ventriculography and mrelography. Prior 
to instituting any of the above procedures scout radiographs o the skull should 
be secured, in order to visualize any abnormalities which might subsequently be 
masked by contrast material. 
For the purpose of this discourse the radiological examination can most con-
veniently be divided into two main groups-
A. Examination of the Brain 
1. Cerebral .Angiography 
1. Caroid Angiography 
2. Vertebral .Angiography 
II . Cerebral Pneumography 
1. Ventriculography 
2. Encephalography 
Ill. Positive Contrast Ventriculography 
B. Examination of the Spinal Cord 
I. Myelography 
A. EXAMINATION OF THE BRAIN 
One may use one or several of the avail-
able methods. Each method will be dis-
cussed on its own merits with no advant-
ages or disadvantages being considered. 
I. CEREBRAL ANGIOGRAPHY 
1. CAROTID ANGIOGRAPHY 
This examination comprises the radio-
graphic visualization of the carotid 
arteries, their intracranial and extracranial 
branches, and the corresponding veins, by 
means of injecting an opaque contrast 
medium into the common carotid artery or 
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into the internal or external carotid arteries 
separately. 
Contrast Medium 
The contrast medium generally used is 
Hypaque. Other media such as Diodrast, 
U rokon, Renografin, and Thorotrast are 
used by some radiologists and surgeons, 
however, due to greater toxicity of Uro-
kon, Diodrast, and Miokon, as reported by 
T indall et al, these products are less fre-
quently used than either Hypaque or Reno-
grafin. 
Thorotrast, being a radioactive substance 
and reportedly producing fibromas, though 
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gtvmg excellent contrast, is best reserved 
for patients over the age of sixty. 
Injection Methods 
Two techniques may be used . 
(1) Operative method 
A small incision is made 3 em. above the 
clavicle and the common carotid artery is 
exposed then punctured with a bayonet-
shaped needle. This procedure is rarely 
used now. 
(2) Percutaneous method 
Under local anesthesia an 18 needle is 
inserted into the common or internal caro-
tid artery as desired 2 em. above the 
sternoclavicular joint at the medial border 
of the sternocleidomastoid muscle. When 
the point of the needle rests against the 
arterial wall pulsations can readily be felt 
by the hand of the operator. The needle is 
then pushed slowly forward, penetrating 
the anterior wall of the artery. To obtain 
the best contrast density, six to ten c.c. of 
opaque material is injected as rapidly as 
possible (1.5- 2.5 seconds). 
Radiography 
It requires approximately 6 seconds for 
the complete clearance of the contrast 
medium from the vessels of the brain. To 
secure the best radiographs of the arteries, 
veins, and sinusoids, films sould be secured 
prior to 2-2V2 seconds (arteriogram), prior 
to 2Vr3V2 seconds (phlebogram) and 
shortly after 3V2 seconds (sinogram) . 
With modern equipment up to ten radio-
graphs per second can be secured. A.-P. 
and lateral series of films are obtained 
with a medium of two injections being re-
quired for both series. 
Indications 
Investigation by the use of cerebral angi-
ography is largely concerned with demon-
strating lesions involving the vascular sys-
tem of the brain including intracranial vas-
cular tumors. 
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A. Subarachnoid hemorrhage 
1. Intracranial aneurysms 
2. Arteriovenous malformations 
3. Cerebral tumors and miscellaneous 
lesions 
B. Arterial occlusion 
1. Thrombosis 
2. Embolism 
C. Cranio-cerebral injury 
I . Extradural hematoma 
2. Subdural hematoma, acute and 
chronic 
3. Intracerebral hematoma 
4. Cerebral edema 
5. Carotido-cavernous fistula 
D. Intracranial expanding lesions (non-
traumatic) 
1. Certain aneurysms (non-bleeding) 
2. Arteriovenous malformations (non-
bleeding) 
3. Meningiomata 
4. Malignant gliomata 
5. Metastases 
E. Avascular expanding lesions 
1. One of above, 3, 4, 5 with no char-
acteristic pattern 




Initial angiography for supra-tentorial 
vascular lesions, is often the only proced-
ure required. However, if an avascular 
or poorly vascularized lesion is not ade-
quately shown then ventriculography or 
encephalography is used to complete the 
investigation. 
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Complications 
The incidence of complications varies in 
different medical centres. Some of the 
complications that have been reported in-
clude: 
1. hematoma in the neck 
2. injury to the arterial wall 
3. transitory cerebral symptoms 
4. transient hemiparesis 
5. pneumonia in older patients 
6. sensitivity reactions to the organic 
iodides 
7. death 
Since the occurrence of complications 
has become rare, cerebral angiography has 
become a safe and relatively simple pro-
cedure, which, in experienced hands, is not 
unduly time consuming, and though defi-
nitely a hospital procedure, has become a 
valuable adjunct to the armamentarium of 
the neurosurgeon and radiologist. 
Abnormal Appearances Visualized 
By Angiography 
Saccular Cerebral Aneurysm 
This is usually seen as a spherical sac at-
tached to one of the maio cerebral arteries. 
After the medium has left the arteries, 
some of it may still remain in the aneurys-
mal sac. 
Atlgiomatous Malformation 
The radiographic appearances in arterio-
venous aneurysms vary greatly. At times a 
shadow of one or more dilated and tortuous 
vessels leading into a coiled mass of large 
blood vessels in an area showing flecks of 
calcification is seen, while on other occa-
sions only a diffuse shadow with an irregu-
lar outline and varying in intensity is seen. 
Cerebral Arteriosclerosis 
The chief features are elongation, tor-
tuosity, and irregularity of the vessels, and 
variations in the size of their lumen. This 
condition was considered as a contra-indi-
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cation for angiography until Hawkes and 
Ogle made extensive studies of arterio-
sclerosis plaques in the carotid, vertebral, 
basilar, and major cerebral arteries. 
Thrombosis of Carotid Artery and Branches 
The essential feature is that the contrast 
medium appears to come to an abrupt stop 
at the site of the clot. 
Intracranial Tumors aud other Expatzding 
Lesions 
Significant features are: 
(1) Displacement of vessels. 
(2) Tumor circulation - i.e. circulation 
within the tumor which is generally 
diffuse as seen in meningiomas and 
malignant gliomas of the cerebral 
hemisphere, particularly spongioblas-
toma multiforme. 
(3) Dilation or non-filling of vessels. The 
blood vessels supplying a vascular 
tumor are usually dilated. Non-filling 
is the result of thrombosis or oblitera-
tion by external pressure. 
Subdural Hematoma 
The surface of the brain with its cortical 
blood-vessels i.s displaced inwards, leaving 
a space between the fine peripheral vessels 
and the skull. This displacement is usually 
crescentic in shape. 
In the differential diagnosis between the 
different forms of traumatic hematomata, 
angiography is a most important diagnostic 
aid. Intracerebral traumatic hematomata, 
and the combination of subdural and intra-
cerebral hematomata, can only be diag-
nosed angiographically. 
Brain Absceu 
The localization and the type of brain 
abscesses is suggested in most cases. Prog-
ress or regression of the abscess during 
treatment may be observed by repeated 
angiograms. 
67 
---Radiological Examinations of the Central Nervous System 
2. VERTEBRAL ANGIOGRAPHY 
There is no generally accepted method 
of performing vertebral angiography. Vas-
cular lesions and tumors of the posterior 
fossa may be demonstrated by this means. 
However, this examination is not frequent-
ly requested because of the difficulties in 
performing the procedure. 
II. CEREBRAL PNEUMOGRAPHY 
1. VENTRICULOGRAPHY 
This is a diagnostic procedure in which 
a series of radiographs of the skull are 
made in several different positions after 
removal of a quantity of the cerebrospinal 
fluid from the ventricles and replacement 
with an equivalent quantity of air. 
Contrast Medium 
A non-opaque material is used, air being 
the medium of choice, because it is readily 
obtainable and innocuous. Other gases such 
as nitrous oxide, etc., are of no advantage. 
Radiopaque media will be discussed under 
Positive Contrast Ventriculography. 
Injection Method 
A local anesthetic is injected into the 
scalp at the site selected for burring. The 
remaining procedures, i.e. burring of the 
bone, incision of the dura, and passage of 
the needle through the brain into the ven-
tricles should produce no pain. 
Sites of ventricular taps-
1. posterior horns (patient reclining or 
(sitting) 
2. through the parietal lobes (patient 
supine) 
3. through the anterior horns (patient 
prone) . 
Cerebrospinal fluid is withdrawn about 
5 cc.. at a time and filtered air is injected. 
Ample time is allowed to manipulate the 
head gently from side to side in the inter-
vals between the injections of air. 
Generally both lateral ventricles are 
tapped at the same session unless there is 
some contraindication. The failure of air 
68 
injected into one side only to cross to the 
opposite side argues strongly in favor of 
an obstruction at the foramen of Munro by 
a tumor in the region of the third ventri-
cle. The spread of air to the other lateral 
ventricle in such cases does not necessarily 
indicate that the foramina are patent, for in 
hydrocephalus from any cause it is not un-
common to find holes in the stretched sep-
tum lucidum through which air can pass 
freely from one lateral ventricle to the 
other even though the third ventricle is 
filled by tumor. 
Contraindications 
The technic and experience of the 
neurosurgeon generally governs the extent 
of the contraindications. Grant staes that 
ventriculography is a safe procedure if em-
ployed judiciously and properly and if the 
patient can be taken to surgery directly af-
ter the tumor is located. 
Complications 
{1} Reactions from increased intracran-
ial pressure, vomiting and severe 
headache. To offset these, the oper-
ation should be performed at once 
or relief secured through removal 
of air by ventricular tapping. 
{2) Enlargement of choroid plexus. 
{3} Death has been reported earlier. 
Abnormal Appearances Visualized by 
Ventriculography 
{1} T11mors and Other Expanding Lesiom 
These almost invariably distort the ven-
tricular system, and their position can usu-
ally be inferred. However, on rare occa-
sions intracranial tumors give normal, or 
almost normal, ventriculograms. This is 
seen in the early stages of infiltrating 
gliomas of the cerebral hemispheres. Signs 
indicative of pathology are represented by: 
(a) Dilatation - This is usually due to 
an obstruction of the outflow of cerebro-
spinal fluid . The earliest sign is the round-
ing of the margins of shadows that are 
normally angular. 
U.W.O. MEDICAL JoURNAL 
In obstructive lesions of the third and 
fourth ventricle, dilatation of the lateral 
ventricle is usually most pronounced in the 
anterior horn and body, the extent of pos-
terior and descending born dilatation vary-
ing greatly from case to case. 
Generalized dilatation of all ventricles 
indicates a lesion at the foramen of 
Magendie, hydrocephalus from arachnoidal 
adhesions or an obstruction of venous 
sinuses. 
Where the lateral and third ventricles 
are symmetrically dilated, it is important to 
demonstrate the aqueduct of Sylvius. If it 
fills throughout its course, this localizes 
the lesion in the posterior fossa; and if fill -
ing is not complete, this suggests a lesion 
in the midbrain or pineal region. 
Dilatation of one lateral ventricle is 
commonly due to a tumor of the opposite 
cerebral hemisphere. 
(b) Narrowing or Obliteration - These 
changes involve the whole ventricular sys-
tem, only one lateral ventricle, or only a 
part of one lateral ventricle. 
Narrowing of the whole system occurs 
in some acute demyelinating conditions 
(Schilder's encephalitis), and rarely in 
intracranial tumors. 
Obliteration of one lateral ventricle usu-
ally indicates a tumor in the corresponding 
hemisphere which is usually associated 
with obstruction of the foramen of Monro. 
When part of a ventricle is narrowed, a 
lesion near or within the ventricle is indi-
cated. The size of the tumor is shown by 
the curved margin of the obliterated zone. 
(c) Displacement- The supratentorial 
part of the ventricular system is displaced 
to the opposite side by an expanding lesion 
in one cerebral hemisphere. The anterior 
part and the bodies of the lateral ventricles 
are most affected. If the lesion is above a 
hemisphere there will be depression as 
well as displacement of the body of the 
corresponding ventricle. 
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(2 ) Scarring and Atrophic Lesiom 
A compensatory dilatation of cerebro-
spinal fluid pathways occurs in destruction 
or atrophy of brain tissue from any cause. 
Radiography 
The following radiographs are taken-
J. Patient supine 
(1) A.-P. without tube tilt. 
( 2) Lateral in brow-up position. 
( 3) A.-P. with 30" tube tilt towards 
the head. 
II. Patient prone 
(1) P.-A. with 10" tube tilt cranially. 
(2) P.-A. with 30" tube tilt cranially. 
(3) Lateral in brow-down position. 
( 4) Right and left true laterals. 
Indications 
Ventriculography is indicated in cases of 
increased intracranial pressure where the 
most careful neurologic, rentgenologic, 
opthalmologic and neuro-otologic meth-
ods have failed to satisfactorily localize a 
lesion. Such conditions include: 
(1) Tumors-usually situated in the fron-
tal lobes, in the midline, in the occipi-
tal lobes, and in the posterior cranial 
fossa. 
(2) Brain abscess. 
(3) Basal arachnoiditis. 
( 4) Any condition causing a block of the 
ventricular system. 
Before operating, the neurosurgeon must 
know if the lesion is supratentorial or 
infratentorial in order to determine the 
method of approach. He should also know 
the approximate size of the lesion. There-
fore, the presence and localization of the 
lesion must be absolutely certain before the 
surgeon can confidently operate. 
2. ENCEPHALOGRAPHY 
This is a diagnostic procedure in which 
a series of radiographs of the brain are 
made in several different positions, after 
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removal of part of the cerebrospinal fluid 
by the cisternal or lumbar route and re-
placing it by ai r. 
Contrast Medium 
Air is the material of choice, there being 
no advantage in using other gases. 
Injection Methods 
(a) Lumbar E11cephalography 
This may be quite a painful procedure 
and the patient may suffer from headache, 
vomiting and syncope. 
A lumbar puncture (between L2 and 
L3) is done, withdrawing 5 cc. of cerebro-
spinal fluid and replacing it by a similar 
quantity of air. From 20-60 cc. of air may 
be used, which is directed into the area 
desired by manipulation of the head . 
( b) CiJtemal Encephalography 
This is a less painful procedure but 
there is a small risk of an accidental punc-
ture of an artery in the cistern. Manipula-
tion of the head is also more difficult. 
Radiography 
On injecting 5-B cc. of air, lateral and 
P.-A. views will show the basal cisterns, the 
fourth ventricle and some air in the lateral 
ventricles. An additional injection of 10 
cc. of air will show more of the lateral 
ventricles. Air is then manipulated into 
the desired position by flexion and exten-
sion manoevres and the views mentioned 
previously (Ventriculography) are ob-
tained. 
Indications 
Encephalography is used in cases with 
obscure signs and symptoms, such as may 
follow trauma, inflammation, senility, epi-
lepsy, hemorrhage, brain tumor, hemi-
plegia and birth injury. Any condition of 
the brain or its surrounding structures 
which distorts or obliterates the subarach-
noid fluid pathways warrants this examina-
tion. Tumors in the posterior cerebral 
fossa such as acoustic neuroma and meningi-




Cairns and Jupe state that encephalog-
raphy is a dangerous procedure in cases of 
raised intracranial pressure. A safe rule is 
to use encephalography where there is no 
evidence of increased intracranial pressure, 
and to perform ventriculography in cases 
where there are signs of increased pressure 
such as papilledema, drowsiness, intense 
headache or vomiting. However there is 
considerable disagreement as to the safe 
limits of intracranial pressure; these limits 
vary from 150-200 mm. of water (Grant) 
to 815 mm. of water (Gardner) . 
Abnormal Appearances Demonstrated by 
Encephalography 
(1) Atrophy of the Brain in Extemal 
H ydrocephaiiiJ 
Interpretation of brain atrophy can be 
made in cases showing 
(a) an increase in the size of the subarach-
noid cortical markings and 
(b) an increase in the size of the basal 
cisternae. 
(2) A trophy of the Brain in Internal 
H ydrocephaiNJ 
Encephalography demonstrates a uni-
form dilatation of all the ventricles with-
out any particular change in the subarach-
noid markings. 
(3) ArachnoiditiJ 
This examinations reveals complete or 
unilateral absence of the subarachnoid 
pathways, or only a small localized area in 
which the pathways are not seen. 
( 4) T11morJ of the Brain and Space-ocmpy-
ing uJiom 
If these encroach upon subarachnoid 
pathways they may deform or displace a 
prominent pathway. 
The tumor may cause a displacement of 
the midline structures or deform the lat-
eral ventricles, or both, in a similar way to 
that described under Ventriculography. 
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Ill. POSITIVE CONTRAST VENTRI-
CULOGRAPHY 
This examination consists of the injec-
tion of a radiopaque medium into the ven-
tricles. For a time after its inception, this 
method fell into disuse because the media 
which were used in the early days of ven-
triculography damaged the walls of the 
cerebrospinal pathways with a tendency to-
ward producing a delayed hydrocephalus. 
This danger has not been encountered 
since the advent of the new less toxic and 
irritant opaque material. Pantopaque is 
now generally used. 
Positive contrast ventriculography is in-
dicated in cases where pneumoencephalog-
raphy is equivocal. It offers most help in 
abnormalities involving the regions of the 
third ventricle, aqueduct and the fourth 
ventricle. 
Recently R. Mones and R. Werman have 
reported a new neuroradiographic proced-
ure for the demonstration of abnormalities 
in the posterior fossa when pneumo-
encephalography is not diagnostic. They 
call their procedure rhomboencephalog-
raphy (REG) . The fourth and third ven-
tricles are filled with Pantopaque instilled 
through a lumbar puncture. They state 
that the indication for this examination is 
an equivocal pneumoencephalogram and 
the clinical suspicion of a probable pos-
terior fossa mass. This procedure also out-
lines the posterior foramen magnum and 
lesions located in this region such as the 
Arnold-Chiari malformation and tonsillar 
herniation. 
Conclusions 
Ventriculography and encephalography 
are useful diagnostic adjuncts, assisting in 
localizing lesions of the posterior fossa and 
of the mid-brain, cerebral atrophic lesions, 
avascular deep-seated supratentorial ex-
panding lesions, etc. However, in those 
cases where appearances are questionable, 
angiography may be used as a supplement, 
or these two methods may be applied con-
versely. 
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When pneumoencephalography is con-
traindicated in patients with increased 
intracranial pressure, angiography is indis-
pensable. In many cases, angiography has 
settled focal diagnosis and the type of ex-
panding process has been determined with 
accuracy. The extension of the tumor is 
more often precisely outlined by angiog-
raphy, however pneumography may dis-
play this same precision at times. 
Pneumographic examinations are pre-
ferred in cases of internal hydrocephalus, 
but angiography may give a preliminary 
diagnosis . 
In cerebral vascular lesions, aneurysms 
and angiomatous malformations, air injec-
tion is of little or no value, and precise 
diagnosis can only be obtained by angiog-
raphy. 
B. EXAMINATION OF THE SPINAL 
CORD 
I. MYELOGRAPHY 
Myelography is the fluoroscopic and 
radiographic examination of the spinal 
subarachnoid space into which a contrast 
medium has been injected. 
Contrast Medium 
In contrast to Hypaque (which is water 
soluble) , an absorbable oil-type contrast 
medium of low viscosity (Pantopaque) is 
used for myelography. 
The medium is aspirated (80-90% ) on 
completion of the examination. 
Injection Methods 
(a) Cisternal iniection 
This route of injection is used when a 
block is present between the cistern and 
the normal lumbar puncture region. The 
needle is introduced on a level with the 
spine of the axis, and pushed in a forward 
and upward direction so that it will strike 
the base of the skull behind and above the 
foramen magnum. It is then advanced 
horizontally through the theca. 
7l 
---Radiological Examituttions of the Central Nervous System 
(b) Lumbar iniection 
A lumbar puncture is done with the 
patient in the lateral position with legs 
fully flexed or with the patient face down 
with a pillow under his abdomen. The 
opaque medium is injected but before 
withdrawing the needle 2-3 mi. of cerebro-
spinal fluid are withdrawn to dear it, thus 
avoiding a track of medium in the soft 
tissues. 
If the medium does not move when the 
table is tilted, then it is not in the sub-
arachnoid space. This may be due to an 
injection into a subdural pool of cerebro-
spinal fluid which can form after a recent 
lumbar puncture; or the needle is not com-
pletely in the subarachnoid space; or rare-
ly, pathological changes are present in 
which there is an abnormal communication 
with the subarachnoid space. 
(c) Radiography 
On completion of the injection, fluoro-
scopic examination of the spinal cord is 
done. This consists of slowly tilting the 
X-ray table and observing the progress of 
the radiopaque material in the spinal cord. 
Its passage will be slowest where the cord 
is largest i.e. cervical and lumbar enlarge-
ments. 
Spot films are taken whenever there is a 
delay to the flow of the medium. A.P., lat-
eral and oblique projections may be neces-
sary. 
Indications 
A myelogram is requested when the fol-
lowing lesions are suspected: 
A. Extradu.ral Lesions 
( 1) prolapsed disc 
(2) tumors-secondary carcinoma, 
sarcoma, chordoma 
(3) chronic abscesses and granulomas 
( 4) hemangiomas 
(5) cysts communicating with the sub-
arachnoid space. 
B. Intradural lesions 





(1) primary gliomas (often with cys-
tic degeneration) 
(2) ependymomas 
(3) angiomatous malformations 
( 4) syringomyelia 
( 5) rare granulomas 




D. Arachnoidal adhesions 
(1) in association with tumor 
(2) post-operatively 
(3) with angiomatous malformations 
( 4) in syphilitic leptomeningitis or 
pachymeningitis 
(5) after meningitis. 
Myelography should not be used for in-
vestigation of a suspected tumor until full 
clinical studies and spinal pressure are 
done. In those cases myelography may 
occasionally be followed by an increase of 
the paralysis, retention of urine, and other 
signs of compression; but no permanent 
damage is done if the tumor is removed 
within twenty-four hours. 
Subarachnoid hemorrhage may be pro-
duced in cases where the needle has in-
jured vertebral arteries or the medulla 
oblongata, as in cisternal injections. 
General Abnormal Appearances 
This examination displays the precise 
level of the upper or lower limit of the 
lesion, and in a few cases indicates its 
nature. 
The lower limit of the contrast medium 
in complete block, using cisternal injec-
tion, has a flat or concave lower edge 
which often has a downward spur at one 
point and which may be prolonged around 
the lower pole of the tumor. 
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Vertebral lesions and extradural lesions 
produce a transverse margin of opaque ma-
terial against the tumor which resembles a 
broken line. 
Extramedullary tumors produce a sharp 
concave margin directed towards the 
tumor. 
Intramedullary tumors may show the 
medium breaking up into two streams of a 
nodular outline on each side of a central 
space. This may occur in a normal cord, 
therefore interpretation is made with 
caution. 
Angiomatous malformations show char-
acteristic worm-like defects in the shadow 
of the medium. 
Intervertebral disc protusions show as 
definite defects in the outline of the con-
trast medium, situated opposite a disc 
space and usually more to one side than 
the other. The whole column of the med-
ium may be displaced. 
Inflammatory conditions producing 
arachnoiditis may cause a complete block 
in the spinal cord, but usually the medium 
is held in droplets and globules scattered 
over the involved area. 
Cauda equina tumors are either com-
pletely outlined or outlined in part. 
THE EFFECT OF POSITION ON PERI-
ODIC BREATHING IN CHRONIC 
CARDIAC DECOMPENSATION-M. D. 
Altschule and Arnold Iglauer, New Eng. 
J. of Med., 259: 1064, 1958. 
In this short informative article the 
authors report on their investigations in 
the field of breathing mechanisms of 
chronic decompensators. 
In the past, attention was focused only 
on the orthopnea produced by the patient's 
change in position. A well controlled clin-
ical experiment was performed on fifteen 
patients suffering from chronic cardiac de-
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Conclusion 
Myelography is a useful diagnostic ad-
junct which localizes lesions in the spinal 
cord, and also enables visualization of cer-
tain extra spinal lesions including pro-
lapsed discs which are not visible in stan-
dard radiographic procedures. 
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compensation of rheumatic or arterioscler-
otic etiology. The observations secured, 
which include interesting respiratory trac-
ings, clearly show a pattern of irregular 
breathing as well as orthopnea. Under the 
heading "discussion", the authors propose 
a direct interrelationship between ortho-
pnea and periodic breathing in these 
patients, since orthopnea and periodic 
breathing seem to share common etiologic 
grounds. The article is concluded by a 
short concise summary followed by an im-
pressive bibliography. 
-David Wilson, '60 
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